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PREFACE 



An asterisk (*) following the signal name for signals which are level 
significant denotes that the signal is true or valid when the signal 
is low. 



An asterisk (*) following the signal name for signals which are edge 
significant denotes that the actions initiated by that signal occur 
on a high to low transition. 



"Set" terminology referenced throughout this manual denotes placing 
(writing) a logical one (high state) into a device. 

"Clear" terminology referenced throughout this manual denotes placing 
(writing) a logical zero (low state) into a device. 



All hexadecimal references throughout this manual are preceeded by a 
dollar sign ($) . 
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CHAPTER 1 



REFERENCE MANUAL PHILOSOPHY 



1.1 INTRODUCTION 

This reference manual provides both hardware and software information for the 
VME/10 Microcomputer System (hereafter referred to as VME/lO) . Information in 
this manual will permit the user to implement software to reconfigure 
(customize) the VME/10 operation to a specific application or to perform the 
VME/10 graphic capabilities. 

The VME/10 contains a System Control Module (SCM) which is installed in the 
control unit chassis. The SCM provides the central intelligence for the VME/10. 
TO understand the VME/10 operating environment, material in this manual is 
organized as follows: 

a. System information 

b. Graphics generation 

b. Character display generation 
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CHAPTER 2 



SYSTEM INFORMATION 



2.1 INTRODUCTION 

This chapter provides system information that permits the user to implement 
software to reconfigure (customize) the VME/10 operation to a specific 
application or to perform the VME/10 graphic capabilities. Information provided 
in this chapter is as follows: 

a. System memory maps 

b. Control and status registers 

c. VMEbus interrupts 

d. SCM MPU interrupts. 



2.2 SYSTEM MEMORY MAPS 

The system memory maps (Figures 2-1 through 2-4) identify all areas of memory 
that are reserved for systen use, as well as areas of memory that are available 
for use by the user. 
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I UPPER DATA BYTE D15-D08 | LOWER DATA BYTE D07-D00 | 



$000000 

$OOFFFE 
$010000 



SYSTEM RAM AFTER UNSWAP BIT IS SET 
SYSTEM ROM AFTER POWER ON RESET 



SYSTEM RAM 



$05FFFE 
$060000 

$17FFFE 
$180000 

$DFFFFE 
$E00000 

$EFFFFE 
$F00000 

$F0FFFE 
$F10000 

$F1BFFE 
$F1C000 

$F1DFFE 
$F1E000 



$FFFFFE 



RESERVED FOR RAM EXPANSION 



VMEbus 



GRAPHICS - PIXEL ACCESS ADDRESSING BLOCK 

SYSTEM ROM AFTER UNSWAP BIT IS SET 
SYSTEM RAM AFTER POWER ON RESET 



SCM I/O (SEE FIGURE 2-4) 



ILLEGAL 



I/O CHANNEL 



VMEbus 

(SHORT I/O ADDRESS SPACE) 



FIGURE 2-1. System Memory Map, No Graphics 
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I UPPER DATA BYTE D15-D08 | LOWER DATA BYTE D07-D00 | 



SYSTEM RAM AFTER UNSWAP BIT IS SET 
SYSTEM ROM AFTER POWER ON RESET 



SYSTEM RAM 



LOW RESOLUTION GRAPHICS RAM 



RESERVED FOR RAM EXPANSION 



VMEbus 



GRAPHICS - PIXEL ACCESS ADDRESSING BLOCK 

SYSTEM ROM AFTER UNSWAP BIT IS SET 
SYSTEM RAM AFTER POWER ON RESET 



SCM I/O (SEE FIGURE 2-4) 



ILLEGAL 



I/O CHANNEL 



VMEbus 

(SHORT I/O ADDRESS SPACE) 



FIGURE 2-2. System Memory Map, Low Resolution Graphics 
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I UPPER DATA BYTE D15-D08 | LCWER DATA BYTE D07-D00 | 



$000000 

$OOFFFE 
$010000 

$02FFFE 
$030000 



$05FFFE 
$060000 

$17FFFE 
$180000 

$DFFFFE 
$E00000 

$EFFFFE 
$F00000 

$F0FFFE 
$F10000 

$F1BFFE 
$F1C000 

$F1DFFE 
$F1E000 



$FFFFFE 



SYSTEM RAM AFTER UNSWAP BIT IS SET 
SYSTEM ROI AFTER POWER ON RESET 



SYSTEM RAM 



HIGH RESOLUTION GRAPHICS RAM 



RESERVED FOR RAM EXPANSION 



VMEbus 



GRAPHICS - PIXEL ACCESS ADDRESSING BLOCK 



SYSTEM ROM AFTER UNSWAP BIT IS SET 
SYSTEM RAM AFTER POWER ON RESET 



SCM I/O (SEE FIGURE 2-4) 



ILLEGAL 



I/O CHANNEL 



VMEbus 

(SHORT I/O ADDRESS SPACE) 



$000001 

$00FFFF 
$010001 

$02FFFF 
$030001 



$05FFFF 
$060001 

$17FFFF 
$180001 

$DFFFFF 
$E00001 

$EFFFFF 
$F00001 

$F0FFFF 
$F10001 

$F1BFFF 
$F1C001 

$F1DFFF 
$F1E001 



$FFFFFF 



FIGURE 2-3. System Memory Map, High Resolution Graphics 
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UPPER DATA BYTE D15-D08 


LOWER DATA BYTE D07-D00 




$F10000 

$F13FFE 


ILLEGAL 


$F10001 
$F13FFF 


$F14000 




CHARACTER GENERATOR 


$F14001 


$F14FFE 


ILLEGAL 


RAM 


$F14FFF 


$FF1500 




ATTRIBUTE GENERATOR 


$F15001 


$F15FFE 




RAM 


$F15FFF 


$F16000 
$F16FFE 


ILLEGAL 


$F16001 
$F16FFF 


$F17000 
$F18FFE 


DISPLAY AND ATTRIBUTE RAM 


$F17001 
$F18FFF 


$F19000 

$F19EFE 


ILLEGAL 


$F19001 

$F19EFF 


$F19F00 


VERTICAL GRAPHICS CURSOR REGISTER 


$F19F01 


$F19F02 


HORIZONTAL GRAPHICS CURSOR REGISTER 


$F19F03 


$F19F04 


ILLEGAL 


CONTROL REGISTER 0 


$F19F05 


$F19F06 


ILLEGAL 


CONTROL REGISTER 1 


$F19F07 


$F19F08 


ILLEGAL 


CONTROL REGISTER 2 


$F19F09 


$F19F0A 


ILLEGAL 


CONTROL REGISTER 3 


$F19F0B 


$F19F0C 


ILLEGAL 


CONTROL REGISTER 4 


$F19F0D 


$F19F0E 


ILLEGAL 


CONTROL REGISTER 5 


$F19F0F 


yi: ±.\J 


ILLEGAL 


CONTROL REGISTER 6 






ILLEGAL 


GRAPHICS OFFSET REGISTER 


yi. x^i. xj 


$F19F20 
$F19F82 


RESERVED 


$F19F21 
$F19F83 


$F19F84 


ILLEGAL 


STATUS REGISTER 


$F19F85 


$F19F86 
$F1A01E 


RESERVED 


$F19F87 
$F1A01F 



FIGURE 2-4. SCM I/O Memory Map (Sheet 1 of 2) 
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UPPER DATA BYTE D15-D08 



LOWER DATA BYTE D07-D00 



$F1A020 
$F1A022 
$F1A024 

$F1A02E 
$F1A030 
$F1A032 
$F1A034 
$F1A036 
$F1A038 

$F1A07E 
$F1A080 
$F1A082 
$F1A084 
$F1A086 
$F1A088 
$F1A08A 
$F1A08C 
$F1A08E 
$F1A090 
$F1A092 
$F1A094 
$F1A096 
$F1A098 
$F1A09A 
$F1A09C 

$F1A0FE 
$F1A100 

$F1A7FE 
$F1A800 

$F1AFFE 
$F1B000 

$F1BFFE 



ILLEGAL 


MC68A45 ADDRESS REGISTER 
MC68A45 INTERNAL REGISTER FILE 


ILLEGAL 


ILLEGAL 


MC2661 TX/RX DATA REGISTERS 
MC2661 STATUS REGISTER 
MC2661 MODE 1 AND MODE 2 REG. 
MC2661 COMMAND REGISTER 


ILLEGAL 



ILLEGAL 



MC146818 SECONDS REGISTER 
MC146818 SECONDS ALARM REG. 
MC146818 MINUTES REGISTER 
MC146818 MINUTES ALARM REG. 
MC146818 HOURS REGISTER 
MC146818 HOURS ALARM REGISTER 
MC146818 DAY OF THE WEEK REG. 
MC146818 DAY OF THE MONTH REG, 
MC146818 MONTH REGISTER 
MC146818 YEAR REGISTER 
MC146818 REGISTER A 
MC146818 REGISTER B 
MC146818 REGISTER C 
MC146818 REGISTER D 



BATTERY BACKED UP RAM 



TIME-OF-DAY CLOCK (MC146818) 



ILLEGAL 



DMA/MMU 



ILLEGAL 



$F1A021 
$F1A023 
$F1A025 

$F1A02F 
$F1A03I 
$F1A033 
$F1A035 
$F1A037 
$F1A039 

$F1A07F 
$F1A081 
$F1A083 
$F1A085 
$F1A087 
$F1A089 
$F1A08B 
$F1A08D 
$F1A08F 
$F1A091 
$F1A093 
$F1A095 
$F1A097 
$F1A099 
$F1A09B 
$F1A09D 

$F1A0FF 
$F1A101 

$F1A7FF 
$F1A801 

$F1AFFF 
$F1B001 

$F1BFFF 



FIGURE 2-4. SCM I/O Memory Map (Sheet 2 of 2) 
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2.3 CONTROL AND STATUS REGISTERS 



The SCM has seven control registers and one status register. Individual address 
locations of these registers are listed in the metiory maps. Control registers 0 
and 2 through 6 are cleared by any of the reset conditions occurring. Control 
register 1 is cleared only by the power-on-reset condition occurring. All 
control registers are writable by the MPU in both supervisory and user states. 



NOTE 



In VME/lO's manufactured prior to 2/15/84 - all control 
registers are writable by the MPU in the supervisory 
state; only control registers 0 and 1 are also writable 
in the user state. Writing to control register 1 through 6 
in the user state will cause the MPU readable image to 
change, but not the actual control register. 



All control registers are readable by the MPU in any state. However, the data 
read is not reliable unless each control register has been written to by the MPU 
at least once since the last reset condition occurred. Bit definitions of the 
control registers are as follows: 



2.3.1 Control Register 0 (Location Address $F19F05) 



7654 3 210 

I CDIS3 I CDIS2 I CDISl | CURBK | DUTYCYCLE | IVS | TIMIMSK* | DMAIMSK* | 



CDIS3-CDIS1 Character Disable - Used to disable a color bank frcxn being 
displayed to the monitor (this affects character mode only). When 
set, CDISl through CDIS3 disables colors one through three, 
respectively. When cleared, CDISl through CDIS3 enables colors 
one through three, respectively. 

CURBK Cursor Blink - When set, causes character cursor to blink on and 

off. When cleared, CURBK has no effect on character cursor. 

DUTYCYCLE Duty Cycle - When set, corrects BX syndrane by not displaying 
every other dot on each line. This prevents horizontal lines, 
such as those in the uppercase letter B, from standing out more 
than nonhorizontal lines such as those in the letter X. When 
cleared, DUTYCYCLE has no effect on display. 

IVS Invert Video Screen - When set, video inversion is performed. 

When IVS is cleared, all characters are normal. 

TIMIMSK* Timer Interrupt Mask - When cleared, inhibits interrupts caused by 

the real-time clock (MC146818) low IRQ* signal. When set, 
TIMIMSK* performs no masking function. 

DMAIMSK* Direct Memory Access Interrupt Mask - When cleared, inhibits 

interrupts caused by the low DMAIRQ* signal. When set, DMAIMSK* 
performs no masking function. 
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2.3.2 Control Register 1 (Location Address $F19F07) 



765 4 3 210 



I R I SI I SO I HIGH RES | GRE3 | GRE2 | GREl jUNSWAPj 



R Reserved for future enhancements. Must be kept cleared at all 

times. 

SI, SO Select - Selects one of four optional character cursors which 

are user-definable. 

HIGH RES High Resolution - Affects SCM system RAM mapping. 

GRE3,GRE2,GRE1 Graphic Enable - Enables and disables the display of individual 
graphics memory banks. When set, enables a bank; when cleared, 
disables a bank. GREl controls bank 1 (red/low intensity) , GRE2 
controls bank 2 (blue/medium intensity) , and GRE3 controls bank 
3 (green/high intensity). When all three bits are cleared, no 
graphics are displayed; v*ien all three bits are set, graphics of 
all colors/intensities are displayed. It should be noted that 
these bits do not affect the user's ability to read/write to the 
graphic banks. 

UNSWAP Unswap - When a power-on-reset (or chassis reset and abort 

reset) condition occurs, SCM memory map is swapped so that ROM 
appears at locations $000000-$007FFF. The system RAM which 
would normally ^pear at those locations ($000000-$007FFF) 
appears where ROM would normally appear (locations $F00000- 
$F0FFFF) . 

These sections of RAM and ROM may be restored to nomal 
positions by setting the UNSWAP bit. After this action, UNSWAP 
bit has no affect on the memory map. Clearing the UNSWAP bit 
again does not cause RAM and ROM to swap normal positions in the 
memory map. The only conditions that swap RAM and ROM out of 
the normal positions are the reset conditions described above. 
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2.3.3 Control Register 2 (Location Address $F19F09) 

7654 32 10 

I RXRDYMSK* I SYSFMSK* i WPTCT* I KBDRST* I VMEAVMSK* I BCLRMSK* I TXRDYMSK* I MMUIMSK* 



RXRDYMSK* Receiver Ready Mask - When cleared, inhibits interrupts caused by 
the EPCI low RXRDY* signal. When set, RXRDYMSK* performs no 
masking function. 

SYSFMSK* System Fail Mask - When cleared, inhibits interrupts caused by the 

VMEbus low SYSFAIL signal. When set, SYSFMSK* performs no masking 
function. 

WPTCT* Write Protect - When cleared, disallows all write operations to 

SCM RAM by other VMEbus devices. When set, WPTCT* allows these 
write operations. 

KBDRST* Keyboard Reset - When cleared, sends a reset signal from the 

keyboard interface, and continually resets the MC2661. When set, 
KBDRST* performs no function. 

VMEAVMSK* VMEbus Available Mask - When cleared, inhibits interrupts caused 
by the VMEbus becoming available. 

BCLRMSK* Bus Clear Mask - When cleared, inhibits interrupts caused by the 

VMEbus low BCLR* signal when the SCM requester is holding the 
VMEbus in the release never mode. When set, BCLRMSK* performs no 
masking function. 

TXRDYMSK* Transmit Ready Mask - When cleared, inhibits interrupts caused by 
the EPCI low TXRDY* signal. When set, TXRDYMSK* performs no 
masking function. 

MMUIMSK* Manory Management Unit Interrupt Mask - When cleared, inhibits 

interrupts caused by the low MMUIRQ* signal. When set, MMUIMSK* 
performs no masking function. 
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2.3.4 Control Register 3 (Location Address $F19F0B) 

7 6 5 4 3 2 1 0 

I IRQ7MSK* I IRQ6MSK* | IRQ5MSK* | IRQ4MSK* | IRQ3MSK* | IRQ2MSK* | IRQIMSK* | VBIAMSK* | 



IRQ7MSK* Interrupt Request 7 Mask - When cleared, inhibits SCM MPU 

interrupts caused by VMEbus low IRQ7* signal. When set, IRQ7MSK* 
performs no masking function. 

IRQ6MSK* Interrupt Request 6 Mask - When cleared, inhibits SCM MPU 

interrupts caused by VMEtous low IRQ6* signal. When set, IRQ6MSK* 
performs no masking function. 

IRQ5MSK* Interrupt Request 5 Mask - When cleared, inhibits SCM MPU 

interrupts caused by VMEbus low IRQ5* signal. When set, IRQ5MSK* 
performs no masking function. 

IRQ4MSK* Interrupt Request 4 Mask - When cleared, inhibits SCM MPU 

interrupts caused by VMEbus low IRQ4* signal. When set, IRQ4MSK* 
performs no masking function. 



IRQ3MSK* Interrupt Request 3 Mask - When cleared, 

interrupts caused by VMEbus low IRQ3* signal, 
performs no masking function. 



inhibits SCM MPU 
When set, IRQ3MSK* 



IRQ2MSK* Interrupt Request 2 Mask - When cleared, inhibits SCM MPU 

interrupts caused by VMEbus low IRQ2* signal. When set, IRQ2MSK* 
performs no masking function. 



IRQIMSK* Interrupt Request 1 Mask - When cleared, 

interrupts caused by VMEbus low IRQl* signal, 
performs no masking function. 



inhibits SCM MPU 
When set, IRQIMSK* 



VBIAMSK* VMEbus Interrupt Acknowledge Mask - When cleared, inhibits SCM MPU 

interrupts caused by an interrupt acknowledge cycle having 
occurred for the interrupt request initiated by the SCM 
interrupter . 
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2.3.5 Control Register 4 (Location Mdress $F19F0D) 



7 6 5 432 10 



I IDC7 I IDC6 I IDC5 | IDC4 | IDC3 | IDC2 | IDCl | IDCO | 



This register is the vector register. During a VMEbus interrupt acknowledge 
cycle, if the SCM initiates the interrupt request that is acknowledged, contents 
of this register (Identification Codes (IDC) bits 0 through 7) are placed on the 
VMEbus data lines as follows: 



IDC7 - 


D07 


IDC6 - 


D06 


IDC5 - 


DOS 


IDC4 - 


D04 


IDC3 - 


D03 


IDC2 - 


D02 


IDCl - 


DOl 


IDCO - 


DOO 



2-11 



2.3.6 Control Register 5 (Location Address $F19F0F) 

7 6 5 4 3 21 0 

I BRDFAIL* I AMA | VMETOEN | LTOEN | BRCl | BRCO | BRLl* | BRLO* 



BRDFAIL* 



AMA 



VMETOEN 



LTOEN 



BRCl, BRCO 



Board Fail - When cleared, causes the VMEbus low SYSFAIL* signal, 
which indicates a board failure. When set, BRDFAIL* does not 
drive the SYSFAIL* signal line low. 

Address Modifier A - Alters the way address modifier lines are 
driven by the SCM during VMEbus access. The AMA effect on the 
address lines is programmable in PROM. 

VME Time-out Enable - When set, enables VMEbus time-out circuitry 
to operate (causes low BERR* if DSO* or DSl* is low for 64 
microseconds or longer) . When cleared, VMETOEN disables VMEbus 
time-out circuitry. 

Local Time-out Enable - When set, enables local resource time-out 
circuitry to operate. (If [UDS*] or [LDS*] is low for 64 
microseconds or longer, LTOEN causes low MPU [BERR*] signal. When 
cleared, LTOEN disables VMEbus time-out circuitry. 



Bus Request Clear - Control the requester operating mode, 
mode correspondence is as follows: 



Bit to 



BRCl 

0 
0 
1 
1 



BRCO 

0 
1 
0 
1 



MODE 

Release on request 
Release on bus clear 
Release when done 
Release never 



BRLl*, BRLO* Bus Request Level - Control the level at which the requester 
operates. This level should be set one time only, immediately 
after a reset condition. 
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2.3.7 Control Register 6 (Location Mdress $F19F11) 



7654 3210 



I IMASK* I INT4MSK* I INT3MSK* I INT2MSK* I INTIMSK* I IL2 | ILl | ILO | 



IMZVSK* Interrupt Mask - When cleared, inhibits all SCM MPU interrupts 

under all conditions. When set, IMASK* masks no interrupts. 

INT4MSK* Interrupt 4 Mask - When cleared, inhibits SCM MPU interrupts 

caused by the I/O Channel low INT4* signal. When set, INT4MSK* 
provides no masking function. 

INT3MSK* Interrupt 3 Mask - When cleared, inhibits SCM MPU interrupts 

caused by the I/O Channel low INT3* signal. When set, INT3MSK* 
provides no masking function. 

INT2MSK* Interrupt 2 Mask - When cleared, inhibits SCM MPU interrupts 

caused by the I/O Channel low INT2* signal. When set, INT2MSK* 
provides no masking function. 

INTIMSK* Interrupt 1 Mask - When cleared, inhibits SCM MPU interrupts 

caused by the I/O Channel low INTl* signal. When set, INTIMSK* 
provides no masking function. 

IL2,IL1,IL0 Interrupt Level - Generate VMEbus interrupts. For further 
details, see the interrupter section. 
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2.3.8 Status Register (Location Mdress $F19F85) 

The status register monitors several signal lines on the SCM. Bit definitions 
of the status register are as follows: 

7 6 5 4 3 2 1 0 

|SWITCH2 |SWITCH1 |SWITCHO |KYBDLOCK* | IOCHEN|SYSFAIL| VBIACK* |VMEAV| 



SWITCH2 Switch 2 - Factory-configured to a set state. 

SWITCHl Switch 1 - Factory-configured to a set state. 

SWITCHO Switch 0 - Factory-configured to a set state. 

KYBDLOCK* Keyboard Lock - When cleared, KYBDLOCK* switch is in the lock 
position. Software should respond accordingly to this condition. 
When set, KYBDLOCK* switch is in the unlock position. 

lOCHEN I/O Channel Enable - Factory-configured to a set state. 

SYSFAIL System Fail - When set, VMEbus SYSFAIL* signal line is driven low. 

When cleared, SYSFAIL* signal line is not driven low. 

YBIACK* VMEbus Interrupt Acknowledge - When cleared, indicates that the 

interrupt generated by the SCM interrupter has been acknowledged. 
When set, indicates that either the SCM interrupter is not 
generating a VMEbus interrupt or that the generated VMEbus 
interrupt has not been acknowledged. 

VMEAV VMEbus Available - When cleared, indicates that the SCM does not 

have VMEbus mastership; when set, indicates that SCM does have 
VMEbus mastership. 
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2.4 VMEbus INTERRUFrS 



The SCM has an interrupter circuit which is capable of generating VMEbus 
interrupts. The interrupt VMEbus level and the status ID byte during the 
interrupt acknowledge cycle are both software programmable. To use the 
interrupter circuit to interrupt the VMEbus, the following sequence is required: 

a. Ensure that control register 6 interrupt bits (bits 0-2) are cleared. 

b. Initialize status ID byte (control register 4) to the desired 
value. The VMEbus interrupt handler normally shifts the status ID byte 
left twice and uses the result as the address in its exception table for 
handling the VMEbus interrupt. 

c. Set interrupt bits (bits 0-2) to the desired interrupt level. This 
causes the appropriate IRQ to be generated on the VMEbus. The bit level 
to interrupt level correspondence is as follows: 



BIT 2 


BIT 1 


BIT 0 


IRQ 


0 


0 


0 


NONE 


0 


0 


1 


1 


0 


1 


0 


2 


0 


1 


1 


3 


1 


0 


0 


4 


1 


0 


1 


5 


1 


1 


0 


6 


1 


1 


1 


7 



d. Wait for the VMEbus interrupt acknowledged bit (status register bit 1) 
to be cleared, indicating that the interrupt has been acknowledged. 

e. Clear control register 6 interrupt bits (bits 0-2) . 



NOTE 

It is possible to set up the interrupt acknowledged condition 
to cause a level 1 interrupt to the MPU. If this option is 
used, it is important to account for the fact that the VMEAV* 
interrupt has the same level and shares the same exception 
table location as does [VBIACK*] . 
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2.5 SCM MPU INTERRUPTS 



There are 22 sources of interrupts on the SCM. Each one is capable of 
interrupting the MPU on one of seven levels (1-7) . All of the interrupt 
sources have an assigned distinct priority. For example, if three interrupt 
sources occur on the same level at the same time, they are serviced in the order 
of priority. The interrupt sources, levels, and priorities are as follows: 





PRIORITY WITHIN LEVEL 


LEVEL 





LOWEST 


1 MEDIUM 1 
+ + 


HIGHEST 



I IRQ7* (from VMEbus) | ACFAIL* | Software abort 

-+ + : + 

I IRQ6* (from VMEbus) | I/O Channel INT4* | System fail 
.+ + + 

I IRQ5* (from VMEbus) | I/O Channel INT3* | Time-of-day interrupt 
.+ +^ + 

I IRQ4* (from VMEbus) | I/O Channel INT2* | MMU interrupt 
-+ + + 

I IRQ3* (from VMEbus) | RXRDY* interrupt | TXRDY* interrupt 
.+ + + 

I IRQ2* (from VMEbus) | I/O Channel INTl* | DMA interrupt 



IRQl* (from VMEbus) 



Bus clear interrupt 



VMEbus available 
(or VMEbus interrupt 
acknowledged) 



Each interrupt source (except for those from the VMEbus) is serviced through a 
different vector in the MC68010 MPU exception table. The interrupt source to 
exception table correspondence is shown in Table 2-1. 

There are three methods by which interrupt sources may be masked. The first 
method is via control register 6 bit 7 (IMASK*) . When this bit is cleared, it 
masks all interrupts; when set, it does not mask any interrupt. From a reset 
condition, this bit comes up cleared, masking all interrupts. Another method of 
masking interrupts is that of using the mask bit associated with each interrupt. 
The interrupts and corresponding mask bits are also listed in Table 2-1. Each 
of these bit masks its corresponding interrupt when it is cleared but does not 
when it is set. All of these mask bits come up masking at reset time. The 
third method of masking interrupts is that of using the MPU status register 
internal mask bits (see tC68010 data sheet for details) . 
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TABLE 2-1. Interrupt Sources 



CORRESPONDING MASK BIT 



INTERRUPT SOURCE 


1 CONTROL REGISTER ^ 


1 BIT NUMBER | 


EXCEPTION TABLE ADDRESS 


IRQl* 


' 






1 ^ 1 


Vector passed by interrupting board 
shifted left twice 


Bus clear interrupt 


1 


2 




1 ^ 1 


$100 






VMEbus available 


1 


2 




1 ^ 1 


$120 






Interrupt acknowledged 


1 


3 




1 ^ 1 


$120 






IRQ2* 




3 




I 2 1 


Same 


as 


IRQl* 


I/O Channel INTl* 


1 


6 




1 ^ 1 


$104 






DMA interrupt 


1 


0 




1 ^ 1 


$124 






IRQ3* 


1 


3 




1 ^ 1 


Same 


as 


IRQl* 


RXra)y* interrupt 


1 


2 




1 "7 1 


$108 






TXRDY* interrupt 


1 


2 




1 ^ 1 


$128 






IRQ4* 




3 




1 ^ 1 


Same 


as 


IRQl* 


I/O Channel INT2* 


1 


6 




1 ^ 1 


$10C 






MMU interrupt 


1 


2 




1 ^ 1 


$12C 






IRQ5* 


1 


3 




1 ^ 1 


Same 


as 


IRQl* 


I/O Channel INT3* 


1 


6 




1 ^ 1 


$110 






Time-of-day interrupt 




0 




1 1 1 


$130 






IRQ6* 




3 




1 ^ 1 


Same 


as 


IRQl* 


I/O Channel INT4* 




6 




1 ^ 1 


$114 






System fail 




2 




1 ^ 1 


$134 






IRQ7* 




3 




1 "7 1 


Same 


as 


IRQl* 


ACFAIL* 


|No mask 


exists 


for 


this interrupt! 


$118 






Software abort 


iNo mask 


exists 


for 


this interrupt! 


$138 







CHAPTER 3 



GRAPHICS GENERATION 



3.1 INTRODUCTION 

This chapter describes the VME/10 graphic capabilities. SCM graphics hardware 
description is first presented, followed by a software description required to 
drive the graphics hardware. Software application programs are also provided. 



3.2 HARDWARE DESCRIPTION 

This section describes the applicable hardware circuits that control the 
graphics generation capabilities of the VME/10. These circuits are as follows: 

a. Graphics memory 

b. Graphics control registers 

c. Graphics cursor register 

d. CRT Controller (CRTC) 

e. Control register 0 

f. Control register 1 

g. Gr^hics offset register 



3.2.1 Graphics Memory 

The YME/10 implements bit-mapped raster graphics using three bit planes. This 
means that the display monitor is organized as a matrix of dots called pixels. 
The VME/10 supports a low-resolution mode (800 horizontal pixels x 300 vertical 
pixels) and a high-resolution mode (800 horizontal pixels x 600 vertical 
pixels) . Graphical images that appear on the monitor are the result of directly 
mapping bits in system RAM to pixels on the dislay. For this purpose, there are 
three bit planes (banks) of memory, each of which contains one bit for each 
pixel. Each pixel is the result of combining three bits — one from each of the 
three memory banks — which allows for a total of eight values for each pixel on 
the display. 

In color systems, each bank represents one of the primary colors — red, green, 
or blue. Therefore, a pixel with corresponding bits set in the red and blue 
banks appears as magenta, v^ile~a pixel with corresponding bits set in all three 
color banks appears as white. 

In monochrome systems, each bank represents an intensity level, which provides 
an 8-level gray scale from black (no banks enabled) to brightest (all banks 
enabled) . 

Table 3-1 lists the colors/intensities for each color/ intensity bank and the 
results of coribining banks. 
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TABLE 3-1. Color/Intensity 





COLOR MONITOR 


MONOCHROME MONITOR (SEE NOTE) 




BANK(S) 


PRIMARY 
COLOR(S) 


RESULTING 
COLOR 


GRAY SCALE 
LEVEL (S) 


RESULTING GRAY 
SCALE LEVEL 


None 


None 


Black 


0 


0 


1 


Red 


Red 


1 


1 


2 


Blue 


Blue 


2 


2 


1,2 


Red, Blue 


Magenta 


1,2 


3 


r> 
o 


Green 


Green 


4 


4 


1/3 


Red, Green 


Yellow 




■J 


2,3 


Blue, Green 


Cyan 


2,4 


6 


1,2,3 


Red, Blue, Green 


White 


1,2,4 


7 


NOTE: 


Gray scale levels are expressed as an 
7 (brightest) , inclusive. 


integer from 0 


(black) to 



Each color/intensity bank is arranged such that the first byte in a bank 
corresponds to the left-most eight pixels on the top row of pixels on the 
display, and the last byte in a bank corresponds to the rightnmost eight pixels 
on the bottom row of pixels on the display. Within a byte, the high order bit 
(bit 7) corresponds to the left-most pixel, and the low order bit (bit 0) 
corresponds to the right-roost pixel. 

All bytes within a bank are used. Thus, in low-resolution mode, each bank 

consists of 30,000 bytes ((800 x 300 pixels) /eight pixels per byte), and in 
high-resolution mode, each bank consists of 60,000 bytes ((800 x 600 
pixels) /eight pixels per byte) . 

The three graphics memory banks may be accessed in any of the v?ays in v^ich 
standard RAM may be accessed. (In fact, graphics memory is just standard RAM.) 
This means that one may write to or read from 1, 8, 16, or 32 consecutive pixels 
(in a given bit plane) at a time by using bit, byte, word, or long word 
operations. This provides for a rapid way of setting a large number of 
consecutive pixels (e.g., for drawing horizontal lines, for filling figures, or 
for filling the entire screen with a given color) . 
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The VME/10 has special hardware which allovB the user to write to all three 
color/intensity banks for a given pixel using a single instruction. This is 
performed using the pixel access area of memory. This memory is arranged in 
words, with one word per pixel. The first word in the pixel access area 
corresponds to the pixel in the upper left-hand corner of the display, v*iile the 
last word corresponds to the pixel in the lower right-hand corner of the 
display. Within the area, the words are arranged in row-major order — that is, 
the second word corresponds to the second pixel on the top line of the screen, 
the third word corresponds to the third pixel on the top line, etc. 

Each pixel access word contains three bits that map directly to the 
corresponding bits in the three graphics memory banks — bit 0 maps to bank 1, 
bit 1 maps to bank 2, and bit 2 maps to bank 3. Thus, setting bits 0 and 2 in a 
pixel access word results in setting the corresponding bits in graphics memory 
banks 1 and 3. Also, each pixel access word contains three mask bits, again one 
for each of the graphics banks — bit 8 corresponds to bank 1, bit 9 corresponds 
to bank 2, and bit 10 corresponds to bank 3. These bits are used to enable and 
disable the writing to particular banks. This is accomplished by setting or 
clearing bit 0, 1, or 2 in a pixel access word, which causes the corresponding 
bit in bank 1, 2, or 3 to be set or cleared only if the corresponding mask bit 
in the pixel access word is set. Otherwise, the bank bit remains unchanged. 
For exairple, if the value $0306 is written to a pixel access word, the 
corresponding bit in bank 1 is cleared, the corresponding bit in bank 2 is set, 
and the corresponding bit in bank 3 remains unchanged. See Figure 3-1. 

The pixel access area does not consist of real memory, but is special hardware 
that occupies a space in the memory map. Pixel access motiory should be written 
to and read from only a word at a time. Each time a pixel access word is 
written, the mask must be included as well as the actual pixel data. Pixel 
access words may be read, but only the low-order byte of each word will be 
meaningful and will contain the current values of the corresponding bits in the 
three graphics memory banks. 

The locations and lengths of the graphics memory banks and the pixel access area 
in the VME/10 memory map differ, depending on the graphics resolution mode. 
Figure 3-2 illustrates the graphics memory map when in low-resolution mode, 
while Figure 3-3 illustrates high-resolution mode. 
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8 COLORS 
OR 

GRAY SCALE 
SHADES 




GRAPHICS RAM ARRANGED 
IN 3 BANKS FOR PRIMARY 
COLORS {INTENSITIES 
IF MONOCHROME) 

I 



PIXEL ARRAY 

800 HORIZONTAL x 300 VERTICAL (LOW RESOLUTION) 
800 HORIZONTAL x 600 VERTICAL (HIGH RESOLUTION) 



BANK 3 - GREEN 
(HIGH INTENSITY) 



BANK 2 - BLUE 
(MEDIUM INTENSITY) 



PIXEL ACCESS 
WORD 

(STARTING ADDRESS = $E00000) 



ft 



BANK 1 - RED 
(LOW INTENSITY) 




IS 










10 


9 


8 












2 


1 


0 


1 I I II 



NOTE: ASTERISK DENOTES GATES ENABLING THE SETTING (OR 
CLEARING) OF A BIT IN A COLOR/INTENSITY BANK, IF 
CORRESPONDING MASK BIT IS SET IF A BANK MASK BIT IS 
CLEARED, THE BIT IN THE CORRESPONDING COLOR/ 
INTENSITY BANK WILL REMAIN UNCHANGED. 



NOT USED 



BANK 
MASK 



NOT USED 



BANK 
PIXEL 
DATA 



FIGURE 3-1. Pixel Access (Low and High Resolution) 



UPPER 

DATA 

BYTE 



LOWER 

DATA 

BYTE 



$048000 



$04F52E 
$04F530 



$04FFFE 
$050000 



$05752E 
$057530 



$057FFE 
$058000 



$05F52E 
$05F530 



$05FFFE 



$E00000 



$E752FE 
$E75300 



$EFFFFE 



BANK 3 - GREEN 
(HIGH INTENSITY) 



UNUSED (1) 



BANK 2 - BLUE 
(MEDIUM INTENSITY) 



UNUSED (1) 



BANK 1 - RED 
(LOW INTENSITY) 



UNUSED (1) 



PIXEL ACCESS AREA 



UNUSED (2) 



$048001 



$04F52F 
$04F531 



$04FFFF 
$050001 



$05752F 
$057531 



$057FFF 
$058001 



$05F52F 
$05F531 



$05FFFF 



$E00001 



$E752FF 
$575301 



$EFFFFF 



NOTES: 



(1) Areas of unused memory are regular RAM and are available for 
use by the user. 

(2) Area of unused memory is special RAM and is not available for 
use by the user. 



FIGURE 3-2. Low Resolution Graphics Memory Map 
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$030000 



$03EA5E 
$03EA60 



$03FFFE 
$040000 



$04EA5E 
$04EA60 



$04FFFE 
$050000 



$05EA5E 
$05EA60 



$05FFFE 



$E00000 



$EEA5FE 
$EEA600 



$EFFFFE 



UPPER 

DATA 

BYTE 



LOWER 

DATA 

BYTE 



BAt^K 3 - GREEN 
(HIGH INTENSITY) 



UNUSED (1) 



BANK 2 - BLUE 
(MEDIUM INTENSITY) 



UNUSED (1) 



BANK 1 - RED 
(LOW INTENSITY) 



UNUSED (1) 



PIXEL ACCESS AREA 



UNUSED (2) 



$030001 



$03EASF 
$03EA61 



$03FFFF 
$040001 



$04EA5F 
$05EA61 



$04FFFF 
$050001 



$05EA5F 
$05EA61 



$05FFFF 



$E00001 



$EEA5FF 
$EEA601 



$EFFFFF 



NOTES: 



(1) Areas of unused memory are regular RAM and are available for 
use by the user. 

(2) Area of unused memory is special RAM and is not available for 
use by the user. 



FIGURE 3-3 . High Resolution Graphics Memory Map 
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3.2.2 Graphics Control Register 

This section describes registers in the VME/10 that affect the operations of 
VME/10 graphics. Several registers deal with switching between low-resolution 
and high-resolution modes. The required register settings for each mode are 
summarized in Table 3-2. 



TABLE 3-2. Required Settings for Graphics 



CRTC CONTROLLER CHIP (^) 
(MC6845) 


LOW 
RESOLUTION 


HIGH 

RESOLUTION MONOCHROME COLOR 


Register 0 


$62 


$62 


Register 1 


$50 


$50 


Register 2 


$56 


$56 


Register 3 


$11 


$11 


Register 4 


$19 


$19 


Register 5 


$03 


$02 


Register 6 


$19 


$19 


Register 7 


$19 


$19 


Register 8 


$00 


$03 


Register 9 


$0B 


$16 


Control register 0 

($F19F05) 
Bit 3 - Dutycycle 




1 0 


Control register 1 

($F19F07) 
Bit 4 - High resolution (2) 


0 


1 


Bits 3-1 - Graphics enable 


7 


7 


Graphics offset register 
($F19F13) 


$00 


$32 



NOTES: 



(1) Write register number into location $F1A021, then write corresponding 
register value into location $F1A023. 

(2) Changing the value of this bit totally remaps all of dynamic RAM in 
the address space $000000 to $05FFFF. Thus, any program or data in 
this address space will probably be lost. It is recannended that the 
VM command in TENbug be used to toggle between low resolution and high 
resolution modes. 
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3.2.3 Graphics Cursor Registers 



■The VME/10 display supports a graphics cursor consisting of two cross hairs (a 
vertical line and a horizontal line) . The cross hairs appear inverse to the 
color that is present on the display screen (e.g., no color - white cursor, 
green screen - magenta cursor) . Each cross hair is controlled separately by one 
of the two graphics cursor registers, each of which is 12-bits in length. 

The vertical graphics cursor (vertical cross hair) is controlled by the vertical 
graphics cursor register at address $F19F00. By loading the vertical graphics 
cursor register with any of the values $FCEO-$FFFF, the vertical graphics cursor 
may be placed at any one of 800 positions on the display. The value $FCEO puts 
the vertical cursor at the far right-hand side of the display, while the value 
$FFFF puts the cursor at the far left-hand side of the display. The value $FE70 
puts the vertical cursor at the center of the display. Storing the value $0 in 
the vertical graphics cursor register disables the display of the vertical 
cursor . 

The horizontal graphics cursor (horizontal cross hair) is controlled by the 
horizontal graphics cursor register at address $F19F02. This cursor may be 
placed at any one of 300 positions on the display by loading the horizontal 
graphics cursor register with any of the values $FED4-$FFFF. The value $FED4 
puts the horizontal cursor at the far bottom of the display, while the value 
$FFFF puts the cursor at the far top of the display. The value $FF6A puts the 
horizontal cursor at the center of the display. Storing the value $0 in the 
horizontal graphics cursor register disables the display of the horizontal 
cursor . 



3.2.4 CRT Controller (CRTC) 

To switch from low-resolution graphics display mode to high-resolution graphics 
display mode (or vice-versa) , the CRTC Controller (CRTC) chip MC6845 must be 
reprogrammed . The CRTC has several byte- length internal registers, each of 
which can be programmed separately. To change the value of an CRTC register, 
first write the register number into location $F1A021 and then write the new 
register value into location $F1A023. Both of these writes must be byte 
operations. These registers are write-only; their contents cannot be read. 
Table 3-3 lists the required CRTC values for low- and high-resolution modes (the 
low-resolution values are also used for standard text display) : 



NOTE 



Both of the cursor registers are write-only. Reading 
from either register will obtain meaningless values. 



TABLE 3-3. 



Resolution Values 



REGISTER 



LOW 
RESOLUTION 



HIGH 
RESOLUTION 



0 
1 
2 
3 
4 
5 
6 
7 
8 
9 



$62 
$50 
$56 
$11 
$19 
$03 
$19 
$19 
$00 
$0B 



$62 
$50 
$56 
$11 
$19 
$02 
$19 
$19 
$03 
$16 
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3.2.5 Control Register 0 (Locjation Address $F19F05) 

Bit 3 of control register 0 controls the display dutycycle. This bit should be 
set when a monochrome monitor is being used. When a color monitor is being 
used, this bit should be cleared for adequate display brightness. 



3.2.6 Control Register 1 (Location Address $F19F07) 

Bit 4 of control register 1 selects the proper memory mapping for low-resolution 
and high-resolution modes. This bit must be cleared for low-resolution 
graphics, and must be set for high-resolution graphics. Changing the value of 
this bit totally remaps all of dynamic RAM in the address space $000000-$05FFFF. 
This would probably destroy any programs and/or data in this address space. 
Therefore, it is recommended that the VM command in TEbJbug be used to toggle 
this bit. By default, this bit is set (high-resolution) whenever the VME/10 is 
turned on. 

NOTE 

It is possible to switch between low- and high-resolution 
under program control. To do so requires that bit 4 of 
control register 1 already be set and remain set. To 
select the resolution, set the graphics offset register to 
the proper value (see section 3.2.7) and program the CRTC 
accordingly (see table 3-2) . When using this method, banks 
3, 2, and 1 will always start at $30000, $40000, and $50000, 
respectively. It is not possible to switch between low- and 
high-resolution when bit 4 of control register 1 is clear; 
only low-resolution is allowed. 



Bits 1 through 3 of control register 1 are used to enable and disable the 
display of individual graphics memory banks. A set bit enables a bank while a 
clear bit disables a bank. Bit 1 controls bank 1 (red/low intensity) , bit 2 
controls bank 2 (blue/medium intensity) , and bit 3 controls bank 3 (greenA^igh 
intensity). Thus, v»*ien all three bits are cleared, no graphics are displayed; 
when all three bits are set, graphics of all colors/intensities are displayed. 

NOTE 

These bits do not affect the user's ability to write to 
the individual graphics memory banks; they affect only 
the displaying of those banks. 



3.2.7 Gr^hics Offset Register (Location Address $F19F13) 

The graphics offset register must also be altered v^en changing between 
low-resolution and high-resolution modes. For low-resolution graphics, this 
register must contain $00. For high-resolution graphics, this register must 
contain $32. 

NOTE 

By default, this register contains $00 (when the VME/10 
is powered up) . Also, use of the TENBug VM canmand does 
not change the value of this register. 
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3.3 SOFTWARE APPLICATION 



This section presents several examples of programs that use the VME/10 graphics. 
All of the programs presented assume the presence of VERSAdos. 

One of the first problens encountered v^en attempting to use VME/10 graphics 
under VERSAdos is having the application program loaded into graphics memory 
($48000-$5FFFF in low-resolution; $30000-$5FFFF in high-resolution). It is 
almost impossible bo use the same memory for graphics and for program execution 
at the same time. One way to solve this problon is by always writing 
position-independent application programs that relocate thenselves if they get 
loaded into graphics RAM. An easier method is to write just one 
position- independent utility program that can relocate itself, if necessary, and 
reserves graphics RAM for use by subsequent application pr ogams. The graphics 
RAM can be reserved by allocating a locally-shareable segment that enconpasses 
the graphics memory. Then the various application programs can simply attach to 
that segment to gain access to graphics RAM. Also, there is no need for the 
application programs to be posit ion- independent and self-relocating because 
there is no way they will be loaded into the already allocated graphics RAM. 

Listing 1 is an example of such a utility program, called GRAF. When GRAF is 
executed, it first relocates itself to ensure that it is not occupying any 
graphics RAM. It then allocates the graphics monory in a locally-shareable 
segment called GRAF. Furthermore, GRAF enables the display of graphics by 
setting bits 1 through 3 in control register 1 (location address $F19F07) and by 
reprogramming the CRTC for the proper resolution. 

When GRAF is finished, the program terminates. However, the locally-shareable 
segment GRAF remains, as does the enabling of the graphics display. The segment 
remains active until the session is terminated (i.e., the user logs off) or it 
is deallocated by a call to EMS68K. The graphics display remains enabled until 
bits 1 through 3 of control register 1 are cleared and the CR1X2 is reprogrammed . 
Listing 2 is an example of a program that deallocates the graphics RAM segment 
and disables the display of graphics. The program is called NOGRAF. 

By using GRAF and NOGRAF, the user can develop application programs without 
worrying about having to self- relocate, how to enable the graphics display, or 
how to return the display to normal. All the user needs to do is run GRAF 
before an application program and run NOGRAF afterwards. If there are several 
application programs, invoke GRAF once at the beginning and NOGRAF once at the 
end. 

Finally, listing 3 is an example of a simple application program called BARS. 
BARS draws a col or/ intensity chart consisting of eight horizontal bars and eight 
vertical bars. Each bar in a given axis is of a different color/intensity. 
Where two bars intersect, the intersecting area is the exclusive-OR of the two 
colors/intensities. Thus, v^ere two bars of the same color/intensity intersect, 
the result is black. The bars are displayed against backgrounds of each of the 
eight possible colors/intensities. (The bars are also exclusive-OR 'd with the 
background . ) 

BARS creates its graphics both by writing directly to the three color/intensity 
banks in graphics RAM and by writing to the pixel access area. The former is 
used to draw the background, while the latter is used to draw the bars. To 
access the graphics RAM, BARS attaches the shared segment created by GRAF. To 
use the pixel access area, BARS has to allocate a segment at the proper spot in 
the memory map. BARS determines if low-resolution or high-resolution graphics 
are in use and adjusts to work equally well in both modes. 
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h 
1 

8 
9 

10 
ii 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2? 
20 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 0 
43 
44 
45 
46 
47 

48 0 00000000 41FA0134 

49 0 00000004 7001 

50 0 00000006 4E4i 

51 0 00000008 6704 
52 

53 
54 
55 

56 0 OOOOOOOA 

57 0 OOOOOOOA 700E 

58 0 OOOOOOOC 4E41 



« 
f 

« 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 

START 

ft 

ft 

ft 

ft 

ft 



ft 
ft 
ft 
ft 

ERROR 



GRAF 

7 Decetber 1983 



This prograft creates a locally shareable segient called GRAF. 
If the VHE/10 is in loM-resolution graphics tode, this segient 
begins at $48000 and extends thru I5FFFF. If the VHE/10 is in 
high-resolution graphics iode, this segtent begins at 130000 

and extends thru $5FFFF. 

This prograi also "turns graphics on" by enabling the display 
of graphics and reprogratfing the CRTC controller chip. 

Tasks Hi thin the sate session can attach to the segient for the 
purpose of accessing the graphics rat. 

The segient can be de-allocated by either terminating the session, 
or by invoking the prograa NQ6RAF. Invoking the prograi NQ6RAF 
Mill also disable the graphics display and return the CRT display 
to norial. 

The basic attack is as follows: 

This task has probably been loaded into teiory within the graphics 
rai. The task will love itself out of there and de-allocate it's 
original code segiaent, thus freeing up the graphics rai. 

Then, it allocates the physical ra* fro» 148000 thru ISFFFF (for 
low-resolution) or front 130000 thru *5FFFF Uor high-resolution) 
and establishes that segient as locally shareable. 

Then, it clears all graphics leiory and enables the the display 
of graphics. 

Finally, it teriinates, leaving the GRAF segient available for use, 
as well as preventing further allocations in that area. 

The beginning of the prograi is here: 

E8U ft 

First, acquire a segient to gain access to the hardware 
registers so we can find out what resolution lode we are 
in. 



LEft.L PB3(PC),A0 

HQVE.L «1,D0 

TRAP 41 

BEQ.S 60TRE6S 



Point to paraieter block 
8TSE6 directive nuiber 
Call RHS68K 
Successful call 



What follows is the error handler, It siiply teriinates 
ourself . 



E8U « 
MOVE.L 114,00 
TRAP II 



Teriinate self directive nuiber 
Call RHS68K 
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60 * Get starting address of graphics leiory in AS. 
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nUVk.L 


trjuuyv,fl3 no set up tor nign res 


of 






* 






LO 
LQ 






* 


Acguire 


a new segient to receive a copy of the code. 


{J7 

7 A A 




AAAAAA')^ 

yyyyyyi£4 


CnTDCCl 


cnii 




71 A 


AAAAAA1A 


A i CAAACA 

'HrHvytv 




LtR 


ronrLfftty romt to tne bibco parameter diock 


70 A 


AAAAAAOQ 


zi'H/yyiy 




wntic ( 
nUVt . L 


HDjrBiLUt rtfUfiu? bBt up tirst aooress ... 


7'^ A 


AAAAAftnr 


AA&OAAAA i AAA 

ytRoyyyviyyy 






4t<AAA DDK nr.OCi /AAk 4n ^rw 

ffiyyUjrBiLUL rDiiHVf to try. 






AA1 A 

yyiy 








lA A 


AAAAAA? A 

uyyuuv-jn 


7AA 1 

/yyi 




nuyt.L 


iii,uy bibtb directive nufloer 




AAAAAA'^i 

uyuyuyoo 






TD&D 


tl Lail KnbooK 


7i A 


AAAAAA '70 

yvyyuv-So 


A7AA 




obUtb 


bUilUi/c ifrancn it it worKed 


77 A 


AAAAAA*?/^ 

yyyyyyjH 


AA&OAAAAAt AA 

yfHQyyyyyiyy 




CtlQ i 


SttAA DDIi nP_DI>f /AA\ Clea ^ru ^ ]ii'4>1a t nuar 

i?ivujrijiLUL-rBHRy/ tise try a iittie loiiBr 






ooio 








78 0 


00000042 


60E0 




BRA.S 


eOTRESl 6ive it another shot 


79 A 


AAAAAAli 

yyyyyyi^ 




all 1 LUUc 






fiA 






It 






Rt 

fn 






s, 
n 


nove sy 


cooe ID me neH segneni 


A 


AAAAAA^ A 




It 


nuvt.L 


AOjAl Point to the beginning of the new le 


tii A 


AAAAAAIA 

uvyyuy'ia 


^irHrrlJa 




LcH 


CTADT /DPI AA Dat a-t- ^a ^Ua kan^aa-tnn aX -^Ka r*\ A aa 

btHnttrLfjHy romt tu tne oeginning ot tns oio ne 


O^i A 


AAAAAA^ft 


jyoLVlJL 




nUVt.ll 


st«i/ D I Rn 1 , tfy ny approxifiate lengm 


QA A 


A A A A A A A C 

vyyuyy-'tt 




nUvt 


nUVt.l! 


(AO)t,(Al)+ Hove a byte to the new place 


07 A 


AAAAAA'%A 

yyyyyyjy 


jlLarrrL 




DBRA 


DO, HOVE Until I'i all there 


QQ A 


AAAAAA«%J 


OTTflAAPA 

ii/Hyyuu 




HOVE.L 


PBILQC(PC},A1 Point to the new START 


QQ A 


AAAAAA^iO 


ACCOAA'%r 

tttTyyjL 




JHP 


NEH-START(Al) Juep to the new HEN 


OA 
TV 






f 






71 






If 


Here begins the code executed in the new code segtent 


01 






♦ 






0"? A 
7J V 


AAAAAA<^^ 




uru 
Ntlt 






7*1 






K 






95 








De-allocate the old code segient 


96 






f 






97 0 


0000005C 


41FAOOA8 




LEA 


PBl(PC),AO Point to the paraieter block 


98 0 


00000060 


217C53454730 




HOVE.L 


#'SE60',PB1NAHE-PBUA0} Old segient naie 



oooc 



99 0 


00000068 


7002 


HOVE.L 


#2, DO 


DESES directive nuiber 


100 0 


0000006A 


4E41 


TRAP 


11 


Call RnS68K 


101 0 


0000006C 


669C 


BNE 


ERROR 


Crash if it didn't wrk 


102 




« 








103 






Acquire 


the graphics rat 




104 




* 








105 0 


0000006E 


41FA00AE 


LEA 


PB2(PC),A0 


Point to paraneter block 


106 0 


00000072 


214D0010 


HOVE.L 


A5,PB2L0C-PB2(A0) 


Physical address desired 


107 0 


00000076 


227C00060000 


HOVE.L 


I$60000,A1 


Calculate... 


108 0 


0000007C 


93CD 


SOB.L 


A5,A1 


segnent... 


109 0 


0000007E 


21490014 


HOVE.L 


Al,PB2LEN-PB2tA0) 


length. 


110 0 


00000082 


7001 


HOVE.L 


11, DO 


6TSE6 directive nutber 


111 0 


00000084 


4E41 


TRAP 


«1 


Call RHS68K 


112 0 


00000086 


6682 


BNE 


ERROR 


Crash if it didn't work 



3-12 



113 * 

114 « Hake 6RAF locally shareable 

115 « 



116 0 


00000088 


41FA0094 




LEA 


PB2(PC},A0 


Point to paraieter block 


117 0 


0000008C 


317C90000008 




HOVE.U 


«9000,PB20PT-PB2(A0) Options 


118 0 


A AW A A An A 

00000092 


317C2000000A 




HOVE.H 


l$2000,PB2ATTR-PB2(A0) Attributes 


119 0 


00000098 


700? 




NOVE.L 


f7,D0 


DCLSHR directive nuiber 


120 0 


0000009ft 


4E41 




TRAP 


11 


Call RHS68K 


121 0 


0000009C 


6600FF6C 




BNE 


ERROR 


Crash if it didn't Mork 


122 






t 








123 






« 


Clear out the graphics aeiory and disable the graphics cursor. 


124 






f 








125 0 


OOOOOOAO 


2240 




HOVE.L 


A5,A1 


Al.L address of graphics RAH 


126 0 


000000fi2 


203C00060000 




KOVE.L 


1160000, DO 


Ending address of graphics RAH 


12? 0 


000000A8 


9089 




SUB.L 


A1,D0 


DO.L = # of bytes in graphics RAH 


128 0 


OOOOOOAA 


E488 




LSR.L 


i2,D0 


DO.M = 1 of long words in graphics RAH 


129 0 


OOOOOOAC 


5340 




SUB.M 


fl,DO 


Adjust for loop 


130 0 


OOOOOOAE 


4299 


CLRLOOP 


CLR.L 


(Al) + 


Clear graphics RAH, a... 


131 0 


OOOOOOBO 


51C8FFFC 




DBRA 


DO, CLRLOOP 


long Mord at a tiae. 


132 0 


000000B4 


427900F19F00 




CLR.H 


IF19F00 


Disable vertical graphics cursor 


133 0 


OOOOOOBA 


427900F19F02 




CLR.M 


$F19F02 


Disable horizontal graphics cursor 


134 






f 








135 








Enable 


graphics and set up resolution node 


136 






* 








137 0 


OOOOOOCO 


0239007F00F1 
9F07 




AND.B 


l*7F,$F19F07 


Disable fast access to systea RAH 


138 0 


OO0OOOC8 


0O39O0OE00F1 
9F07 




OR.B 


IIOE,*F19F07 


Enable graphics display 


139 0 


OOOOOODO 


423900F19F13 




CLR.B 


$Fi9F13 


Assaie. . . 


140 0 


000000D6 


43FA0076 




LEA.L 


LQ«RES(PC),A1 


low-res. 


141 0 


OOOOOODA 


0839000400FI 
9F07 




BTST.B 


I4,$F19F07 


Really low-res? 


142 0 


000000E2 


670C 




6E8.S 


60TRES2 


Yes 


143 0 


000000E4 


13FC003200FI 
9F13 




HQVE.B 


l$32,$F19F13 


No - set up... 


144 0 


OOOOOOEC 


43FA0067 




LEA.L 


HIRES IPC), Al 


for hi-res. 


145 0 


OOOOOOFO 


45F900FIA021 60TRES2 


LEA 


$FlA02i,A2 


Load address of CRTC controller regs 


146 0 


000000F6 


1019 


CRTCLOOP 


HOVE.B 


(A1>+,D0 


Reprograi the... 


147 0 


000000F8 


6B08 




BKI.S 


CRTCDQNE 


CRTC controller... 


148 0 


OOOOOOFA 


1480 




HOVE.B 


D0,(A2) 


for the proper... 


149 0 


OOOOOOFC 


15590002 




HQVE.B 


<A1)+,2(A2) 


resolution... 


150 0 


00000100 


60F4 




BRA 


CRTCLOOP 


■ode. 


151 






f 








152 






« 


6ood. 


This nassive task is noM finished. So I will go away. 


153 






i 








154 0 




00000102 


CRTCOONE 


EQU 


ft 




155 0 


00000102 


700F 




HOVE.L 


«15,D0 


TERK directive nuaber 


156 0 


00000104 


4E41 




TRAP 


11 


Call RHS68K 


157 






f 








158 






« 


Parameter block to get net* code segient. 


159 






f 


Also used to delete old code segment. 


160 






« 








161 0 


00000106 


000000000000 PBl 


DC.L 


0,0 


Acquire new code segaent 


162 0 


00000 lOE 


01000000 


PBIQPT 


DC.M 


X0000000100000000,0 


Physical address 


163 0 


00000112 


434F4445 


PeiNAHE 


DC.L 


'CODE' 


Naae 


164 0 


00000116 


00000000 


PBILOC 


DC.L 


0 


Address 


165 0 


000001 lA 


0000015D 


PBILEH 


DC.L 


EHD-START+1 


Length 



166 f 



3-13 



167 






# 


168 






* 


169 0 


000001 IE 


000000000000 


PB2 


170 0 


00000126 


0000 


PB2QPT 


171 0 


00000128 


0000 


PB2ATTR 


172 0 


0000012A 


47524146 


PB2NAHE 


173 0 


0000012E 


00000000 


PB2L0C 


174 0 


00000132 


00000000 


PB2LEM 


175 






t 


176 






i 


177 






» 


178 0 


00000136 


000000000000 


PB3 


179 0 


OOOO013E 


0000 


PB30PT 


180 0 


00000140 


0800 


PB3ATTR 


181 0 


00000142 


52454753 


PB3NANE 


182 0 


00000146 


00F19F00 


PB3L0C 


183 0 


00000 14A 


00000200 


PB31EN 


184 








185 






* 


186 






i 


187 






* 


188 0 


000001 4E 


05030800090B 


LOHRES 


189 0 


00000155 


050208030916 


HIRES 


190 






* 


191 






* 


192 








193 0 




0000015C 


END 


194 









TOTAL ERRORS 0— 
*♦»§»# TOTAL WARNINGS 0~ 



Parateter block used to get segient at graphics RAH. 



DC.L 0,0 


Tasknaie and session 






DC.H 0 


Segient attributes 


DC.L '6RAF' 


Segeent naie 


DC.L 0 


Segient address 


DC.L 0 


Segaent length 


Paraieter block ta get segient at hardware registers. 


DC.L 0,0 


Tasknaie and session 


DC.H 0 


Options 


DC.N 1800 


Attributes iaeMory Dapped 1/Q) 


DC.L 'RE6S' 


Segient naae 


DC.L *F19F00 


Segient address 


DC.L $F1A100-$F19F00 


Segient length 



The foil owing are CRTC controller register values for 
both low- and high- resolution aodes. 

DCJ 5,*03,8,$00,9,*0B,-1 
DC.B 5,*02,8,$03,9,*16,-1 



Uh-duh-dee, uh-duh-dee, uh-duh-dee, that's all ■folks! 

EQU ♦ 
END 



3-14 



I 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 0 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 0 

27 0 

28 0 
29 
30 
31 

32 0 

33 0 

34 0 

35 0 

36 0 
37 
38 
39 

40 0 

41 0 

42 0 

43 0 

44 0 
45 
46 
47 
48 
49 
50 
51 
52 
53 

54 0 

55 0 
56 
57 



00000000 



START 



00000000 
00000004 
00000006 
00000008 



41FA0096 
7001 
4E41 
6704 



OOOOOOOA 

oooooooc 



OOOOOOOE 
00000014 

000000 I c 
000000 IE 



OOOOOOOA 

700E 

4E41 



OOOOOOOE 

227C00048000 

0839000400F1 

9F07 

6706 

227C00030000 



f 
t 
* 
ft 

ERROR 



« 
ft 
ft 

GOTREGS 



00000024 
00000028 
0000002A 
0000002C 



0000002E 
00000034 
00000036 
00000038 
OO00O03A 
0000003C 
00000040 
00000046 



ft 
ft 
ft 

00000024 SOTRESl 

41FA005A 

7004 

4E41 

66DC 

ft 

ft 
ft 

203CO0O6OOO0 
9089 
E488 
5340 

4299 CLRLQOP 
51C8FFFC 
427900F19F00 
4279OOF19F02 

« 
ft 



N06RAF 

7 Deceiber 1983 

This prograi de-allocates segient GRAF. 

It also disables graphics and returns the CRT to norial. 

The beginning of the prograi is here: 

ESU ft 

First, acquire a segient to gain access to the hardware 
registers so Me can find out what resolution lode Me are 
in. 



LEA.L 


PB3(PC),A0 


Point to parateter block 


HQVE.L 


11, DO 


6TSE6 directive nuiber 


TRAP 


«1 


Call RHS68K 


BEO.S 


GOTREGS 


Successful call 


Khat folloMS is the error handler. It siiply teriinates 


ourself . 






EQU 


ft 




MOVE.L 


#14,00 


Teninate self directive nuiber 


TRAP 


«1 


Call RHS68K 


Get starting address of graphics leiory in Al. 


EQU 


ft 




HQVE.L 


#148000, Al 


Assute loM-res 


BTST.B 


«4,*F19F07 


Really loM-res? 


BEG.S 


GOTRESI 


Yes 


HQVE.L 


#I3OO0O,A1 


Ho - set up for high-res 


Attach to the segient GRAF, 


so's it's line to delete 


ESU 


ft 




LEA 


PBIIPC),AO 


Point to the parameter block 


HQVE.L 


«4,D0 


ATTSEG directive nuiber 


TRAP 


#1 


Call RHS68K 


BNE 


ERROR 


Crash if didn't Mork 


Clear out the graphics leiory and disable the graphics cursor. 


HQVE.L 


#160000,00 


Ending address of graphics RAH 


SUB.L 


A1,D0 


O0.L - # of bytes in graphics RAH 


LSR.L 


#2,00 


00. W = # of long words in graphics 


sue.H 


#1,00 


Adjust for loop 


CLR.L 


(Al)+ 


Clear graphics RAH, a... 


DBRA 


00,CLRLOQP 


long Nord at a tite. 


CLR.H 


$F19F00 


Disable vertical graphics cursor 


CLR.N 


♦F19F02 


Disable horizontal graphics cursor 


Disable 


graphics and return CRT to norial. 



3-15 



58 

59 0 

60 0 

61 0 

62 0 

63 0 
64 
65 
66 
67 
68 
69 
70 
7i 
72 
73 
74 
75 
76 
77 
78 

79 0 

80 0 
81 
82 
83 

84 0 

85 0 

86 0 

87 0 

88 0 
89 
90 
91 

92 0 

93 0 

94 0 

95 0 

96 0 

97 0 

98 

99 
100 
101 
102 0 
103 
104 
105 
106 0 



0000004C 


O2390OF100F1 


* 


AND.B 


i*Fl,$F19F07 


Disable graphics display 




9F07 










00000054 


0039008000FI 




DR.B 


l$80,$F19F07 


Enable fast access to systee RAH 




9F07 










0000005C 


43FA0052 




LEA.L 


LOHRES(PC),Al 


Load address of new CRTC reg values 


00000060 


45F900F1A021 




LEA 


$FIA021,A2 


Load address of CRTC controller regi 


00000066 


1019 


CRTCLOOP HOVE.B 


(AU+,DO 


Reprograi the... 


00000068 


6B0d 




8HI.S 


CRTCDONE 


CRTC controller... 


0000006A 


1480 




HOVE.B 


DO, (A2) 


for the proper... 


0000006C 


15590002 




HOVE.B 


(A1)^,2{A2) 


resolution... 


00000070 


60F4 


* 


BRA 


CRTCLOOP 


■ode. 






» 


NoM de- 


-allocate segaent 6RAF. 






00000072 


CRTCDONE EQU 


* 




00000072 


41FA000C 




LEA 


PBUPOjAO 


Point to paraieter block 


00000076 


7002 




HOVE.L 


12, DO 


DESEG directive nuiber 


00000078 


4E41 




TRAP 


il 


Call RHS68K 


0000007A 


668E 


# 


6NE 


ERROR 


Crash if didn't Mork 






# 


AH done, 5o off I go 




000OOO7C 


700F 




HOVE.L 


«15,D0 


TERH directive nuiber 


O0OOOO7E 


4E41 




TRAP 


«1 


Call RHS68k' 






* 

« 


Attach 


and de-allocate paraseter block 


OOOO0O8O''OOOOOOOOOOOO 


PBl 


DC.L 


0,0 


Acquire new code segnent 


00000088 


23002000 


PBIQPT 


DC J 


7.0010100000000000, *2000 Reiove penanance when DESESing 


0000008C 


47524146 


PBINAHE 


DC.L 


'8RAF' 


Segaent nane 


00000090 


00000000 


PBILOC 


DC.L 


100000 


Address (n/a) 


00000094 


00000000 


PBILEN 


DC.L 


0 


Length (n/al* 






f 


Paraieter block to get segient at hardMdre registers. 


00000098 


000000000000 


PB3 


DC.L 


0,0 


Tasknane and session 


OOOOOOAO 


0000 


PB3QPT 


DC.H 


0 


Options 


000000A2 


0800 


PB3ATTR 


DC.H 


tsoo 


Attributes Iteiory tapped I/O) 


000000A4 


52454753 


PB3NAHE 


DC.L 


'RE6S' 


Segient naie 


000000A8 


00F19F00 


PB3L0C 


DC.L 


*F19F00 


Segient address 


OOOOOOAC 


00000200 


PB3LEN 


DC.L 


♦FIA100-*F19F00 


Segient length 








The folloHing are CRTC controller register values for 






« 


loM-resolution lode (also used for standard text display). 


OOOOOOBO 


05030800090B 


LQHRES 
« 


DC.B 


5,$03,8,*00,9,*0B,-1 








f 


That's all she urate. 






00000000 


t 


END 


START 





§»»»♦♦ TOTAL ERRORS 0- 
»#m» TOTAL NARNIN6S 0- 



3-16 



I 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 0 
29 

30 0 
31 
32 
33 

34 0 

35 0 

36 0 
3? 0 
38 
39 
40 
41 

42 0 

43 0 

44 0 
45 

46 0 

47 

48 

49 

50 

51 0 

52 0 

53 0 

54 0 
55 

56 0 

57 

58 



00000000 
00000000 4FFA0366 



00000004 4iFA013E 
00000008 7004 
OOOOOOOA 4E41 
OOOOOOOC 6704 



START 



OOOOOOOE 
OOOOOOOE 700E 
OOOOOOlO 4E41 

00000012 



i 

* 
f 

ERROR 



* 

60TSE6 

t 

* 

* 

* 



00000012 4205 
00000014 Blf 000048000 
OOOOOOIA 6702 
OOOOOOIC 4605 

OOOOOOIE 



* 

6QTRES1 
* 



BARS 



7 fieceiber 1983 



This progra* is an exaiple oi using the graphics 
hardware of the VHE/IO directly. It draws 
a color (grey scale) chart consisting of eight 
horizontal and eight vertical bars. Each bar in 
a given axis is of a different color (grey scale!. 
Mhere a horizontal bar intersects a vertical bar, 
the result is the Exclusive-OR of the tMO colors. 

The color (grey scale) chart is drawn against each 
of the eight possible background colors, with a slight 
delay between each. 

Before running this prograt, one should first run the 
program GRAF to reserve the graphics RAH and to 
enable the graphics display. After running BARS, 
the prograA N08RAF should be executed to return the 
display to norial. 



The prograi starts here; 
EQU « 

LEA.L STACK(PC),A7 First give ourselves a stack 

Attach the segment that contains the graphics RAH. 



LEA.L PBl(PC),AO 

HQVE.L 14, DO 

TRAP #1 

BE6.S 60TSE6 



Get address of parateter block 
Attach segtent directive nuiber 
Call RHS68K 
A successful call 



The following is our error handler. 

It sinply causes the prograi to abort itself. 



EQU « 

HQVE.L #14,00 

TRAP «1 

EQU * 



Abort self directive nuiber 
Call RHS68K — never to return 



See if using low-res or high-res graphics. 
Assute low-res and set up as such. 



CLR.B D5 

CHP.L i$48000,AO 

BEQ.S 80TRES1 

NQT.B D5 

EQU » 



Indicate low-res 
Really low-res? 
Yes 

Nope - indicate high-res 



Create a segient to gain access to the pixel access area. 



3-17 



59 




f 








Ov V WWW It 


flrnVi Jb 




i F& i 


rOvC lr,Uf ,nv 


oei aoaress ot parateier diock 


u 1. V V V vv Wii. 


7001 




HnVF 1 
nu V c I u 


vl , vv 


Uci. acyncni uirective nunoer 


A? ft ftfiOftflft'?4 

04. V •.'VWVVtT 


4P4i 
f Cf I 




TRAP 


§1 


fall OUdAQV 
uai I KnoODri 


63 0 00000026 


66E6 




BNE 


ERROR 


Crash if didn't work 


A4 
Of 












A5 

WW 






Initialize the background color. 


AA 












67 0 00000028 


4207 




CLR.B 


D7 


First background color is 0 


Afl 
00 












A9 

07 




« 


Loop here for each new background color. 


f V 




f 








71 0 


0000002A 


BACKLOOP EQU 


♦ 




72 




f 








7!^ 0 00000D7A 


A170 




BSR.S 


FILLSCR 


Fill screen with desired background color 


74 




« 








75 

r w 






Draw the horizontal color {grey scale) bars 


76 




« 








77 0 0000002C 


4240 




CLR.W 


DO 


Starting row = 0 


78 0 0000002E 


4241 




CLR.H 


Dl 


Starting col = 0 


1 7 V V V V V V V ij V 


34 3r 00 IF 




MOVE.W 


«30,D2 


# of filled rows per bar = 30 (low-res) 


U V V V V V V V V w T 


363C0320 




HOVE.tt 


«800,D3 


f of filled cols per bar = 800 


81 0 00000018 


4204 




CLR.B 


D4 


Starting color = 0 




3r3roo'?5 




HOVE.H 


137, D6 


Total 1 of rows per bar = 37 Qow-res) 


83 0 OOftOflOSE 

w 'J V V V V V V V 'J w 


4A05 




TST.B 


D5 


Low-res assuiption safe? 


84 0 00000040 


A708 




BE8.S 


60TRES2 


Yes 




343rAA3r 




HOVE.W 


160, D2 


Nope - 60 filled raws per bar in high-res 


86 0 00000046 


3C3C004fi 




HOVE.» 


#75, D6 


Total of 75 rows per bar in high-res 


87 












88 0 
89 


0000004A 


eQTRES2 


E8U 


» 




90 
9i 






Draw eight bars, one at a tite. 


7 I 

97 ft 


VvWvv~n 


HORZLOOP E8U 


♦ 




93 0 00000046 






BSR 


FILLRECT 


Draw a filled horizontal bar 


94 ft 00O0ft04E 

ft V V V V V VV t Ui 


0C040007 




CHP.8 


17, D4 


Last bar? 


95 0 0000005"? 


6706 




BEQ.S 


HQRZDOHE 


Yep - on to vertical bars 


96 0 00000054 


5204 




ADDS.B 


«1,D4 


Nope - change to next color 


If V vvUvV'.'ja 






ADD.» 


D6,D0 


Change to start of next bar 


7u V WvvVVUO 


AAFA 




BRA. 5 


HORZLOOP 


Loop for next bar 


99 

T 7 










too 0 


0000005A 

vvVvwvwn 


HORZDONE E8U 


« 




lOi 












102 




« 


Now draw the vertical bars 




103 




f 








104 0 0000005A 


4240 




CLR.H 


DO 


Starting row = 0 


105 0 0000005C 


4241 




CLR.H 


Dl 


Starting coluin ~ 0 


106 0 0000005E 


343C012C 




KOVE.H 


«300,D2 


# of filled rows per bar = 300 Uow-res) 


107 0 OOflOOOA? 


3A3r0050 




HQVE.H 


180,03 


1 of filled cols per bar = 80 


108 0 0000006 A 


4?ft4 




CLR.B 


04 


Starting color 0 


109 0 00000068 


3C3C00A4 




HQVE.H 


1100,06 


Total 1 of cols per bar = 100 


110 0 OOOOOOAP 


4A05 




TST.B 


05 


Low-res assuaption safe? 


H t A AAAAAAAP 
lit V vvUvvvOC 


A7A4 




BEQ.S 


60TRES3 


Yep 


J i 9 A AAAAAA7A 


iA'?rA')«\fl 

OfObVZQO 




NOVE.H 


#600,02 


Nope - 600 filled rows per bar in high-res 


in 




« 








114 0 


00000074 


80TRES3 


E8U 


« 




115 




f 








116 




f 


Draw eight vertical bars, 


one at a tiae. 
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117 






f 








118 0 




A A A_A A A * 

00000074 


VERTLOOP EQU 


ft 




119 0 


U0000074 


/ 1 AAA An / 






FILLRECT 


Draw a filled vertical bar 


120 0 


00000078 


0C04000? 




CHP.B 


JIT m 

#7,04 


Last bar? 


121 0 


A AAAAA^f^ 

0000007C 


6706 




BEQ.S 


VERTDONE 


Yep - tiie to finish 


122 0 


0000007E 


5204 




ADDQ.B 


#1,04 


Nope - change to next color 


123 0 


00000080 


D246 




ADD.W 


D6,D1 


Change to start of next bar 


124 0 

125 


00000082 


60F0 




BRA.S 


VERTLOOP 


Loop for next bar 


lib u 




00000084 


VERTDQNE EQU 


ft 




12? 






* 








128 






* 


See if 


have used 


all background colors. 


129 








H not change to 


next color and do it again. 


130 






i 








131 0 


00000084 


OC070007 




CHP.B 


«7,D7 


Last background color? 


132 0 


00000088 


670E 




BE8.S 


ALLDONE 


yep - that's it 


133 0 


A A A AAA nil 

OOOOOOBA 


5207 




ADDQ.B 


#1,07 


Nope - change to next one 


134 0 


0000008C 


207C000003E8 




MQVE.L 


#1000, AO 


Delay... 


135 0 


00000092 


7015 




MOVE.L 


#21, DO 


ourselves for... 


136 0 


00000094 


4E41 




TRAP 


#1 


one second... 


137 0 


A A A A A A n / 

00000096 


6092 




BRA 


BACKLDQP 


Loop back 


138 






ft 








139 0 




A A A A A A nn 

00000098 


ALLDONE 


EQU 


ft 




140 






ft 








141 






ft 


TiiB to end to prograa - teriinate ourselt. 


142 






ft 








143 0 


00000098 


700F 




HOVE.L 


#15, DO 


Teriinate self directive nuiber 


144 0 


00000096 


4E41 




TRAP 


#1 


Call RHS68K - never to return 
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146 
147 
148 
149 

150 
151 
152 
153 
154 
155 
15& 
157 

158 0 

159 0 
160 
161 
162 
163 



0000009C 
0000009C 48E7E070 



ff 
f 
« 

* 
f 

* 

FILLSCR 
* 



The routine FILLSCR fills the screen with a specified 
color by itriting directly to the three individual color 
banks. 

The registers ftust be passed to this routine as follows: 
05. B - 0 => Ion-resolution tode 
*0 => high-resolution mode 
D7.B - color with which to fill screen (0-7) 

This routine preserves all the registers (data and address), 



m * 

HOVEM.L D0-D2/A1-A3,-<A7) 



Save registers 



See if using low-res or high-res graphics. 
Assuiie low-res and set up as such. 



iuT V vvvvvvnv j£,i. / LivV vwwv vV 




MQVE.L 


il58000,Al 


HQuress uT coior oanic i 


IAS n dMMMf, 7nrci{\(^MM 

luvl V vvWVvnQ /uvvUJvUuy 




HOVE.L 


«I50000,A2 


Address of color bank 2 


loo V '.'wyyyHL io/LyvyfoUvy 




HQVE.L 


«*48000,A3 


HdOress ot coior Ddnk o 


10/ V vvvyyvBi. -jtoui utd 




novE.u 


«7499,D2 


# of long words per bank - 


tOu V vvvvvvaO tiivJ 




TST.B 


D5 


Really low-res? 


i w 7 V V V -J V y vDQ Q i IQ 




BEQ.S 


GaTR£S4 


Voc 
Tea 


i I V V vvvy vvDn jui t wVV viivv vV 




HOVE.L 


«$50000,A1 


Address of color bank I 


171 A AAAAAAPA 547rAAft£AflAfl 




HOVE.L 


1*40000, A2 


Address of color bank 2 


1 7? A AAAAAAPA 9A7rAAA'^AAAA 
I'i y vvyyvvuQ /uvyy-jyyyy 




HOVE.L 


#$30000, A3 


Address of color bank 3 


i.'j y yyuyvyuL -jtvJtj-jnT. 




HQVE.W 


114999,02 


1 of long words per bank - 


174 










17S A AAAAAAAA 

If J y vuyyy vyy 




ESU 


« 




I'D 










177 




Take care of bank 1 




1 7fl 
1 /Q 


* 








1 70 A AAAAAAnft 49fiA 
i ! 7 y y vvvyyifv *tiOV 




CLR.L 


DO 


nssuiBe guing cu {.icar uinf. 






HOVE.y 


D2,D1 


Get long word count 


IRl A AAAAAAAA AflA7AAftft 




8TST 


«0,D7 


Clear or set bank? 


IR'' A AAAAAAHfl A7A'J 

lOi, y yyvuyui/Q o/Ui 




BEQ.S 


BILOOP 


Li ear 


< A AAAAAAHA A IDA 




MOT.L 


DO 


Set 


184 0 OOOOOODC 22C0 


BILOQP 


HOVE.L 


DO,(Al)f 


Change bank 32... 


185 0 OOOOOODE 51C9FFFC 




DBRA 


D1,BILQ0P 


bits at a tiie. 


186 










187 




Take care of bank 2 




188 


ff 








189 0 000000E2 4280 




CLR.L 


DO 


Assuie going to clear bank 


190 0 000000E4 3202 




HQVE.« 


D2,Di 


Get long word count 


191 0 000000E6 08070001 




BTST 


«1,D7 


Clear or set bank? 


192 0 OOOOOOEA 6702 




BEQ.S 


B2LQ0P 


Clear 


193 0 OOOOOOEC 4680 




NOT.L 


DO 


Set 


194 0 OOOOOOEE 24C0 


B2L0flP 


HQVE.L 


D0,(A2)+ 


Change bank 32... 


195 0 OOOOOOFO 51C9FFFC 




DBRA 


D1,B2L00P 


bits at a tiae. 


196 


ff 








197 


ff 


Take care of bank 3 




198 


ff 








199 0 000000F4 4280 




CLR.L 


DO 


Assuie going to clear bank 


200 0 000000F6 3202 




HQVE.Ij 


D2,D1 


Get long word count 


201 0 000000F8 08070002 




BTST 


I2,D7 


Clear or set bank? 


202 0 OOOOOOFC 6702 




BEQ.S 


B3L00P 


Clear 


203 0 OOOOOOFE 4680 




MOT.L 


DO 


Set 
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204 0 00000100 26C0 

205 0 00000102 51C9FFFC 
206 

207 
208 

209 0 00000106 4CDF0E07 
210 

211 0 0000010ft 4E75 



3-21 



B3L00P HOVE.L D0,(A3)+ Change bank 32... 

DBRA D1,B3L00P bits at a tiie. 

* 

* That's all there is — restore the registers and return, 

i 

HQVEM.L (A7)+,D0-D2/A1-A3 Restore the saved registers 

« 

RTS Ail done 



213 ♦ 

214 ♦ The routine FILLRECT draws a filled rectangle using the pixel 

215 * access area. This "letory* allows the prograiier to change 

216 * one pixel in all three banks in one shot. 

217 » 

218 * The rectangle is filled using Exclusive-OR. That is, the 

219 * color in which the rectangle is being drawn will be 

220 * Exclusive-OR'ed (on a pixel basis) with any graphics 

221 * already on the display. 

222 ♦ 

223 * The registers iust be passed to this routine as follows: 

224 * DCS - Starting row of rectangle 

225 * Dl.H - Starting coluin of rectangle 

226 « D2.ti - i of rows in rectangle (height) 

227 ♦ D3.« - i of coluins in rectangle (width) 

228 « D4.B - Color of rectangle (0-7) 

229 * 

230 * The display is organised such that row-O, coluin-0 is at 

231 ♦ the upper left-hand corner of the display. 

232 * 

233 « All registers (data and address) are preserved by this routine. 

234 « 

235 0 OOOOOIOC FILLRECT EQU » 

236 * 

237 0 OOOOOIOC 4a£7FFFE HQVEH.L D0-D7/A&-A6,-(A7) Save the registers 

238 « 

239 ♦ CoiBpute address of pixel access word for upper 

240 » left-hand corner of rectangle. 

241 ♦ 

242 0 000001 10 41F900E00000 LEft.L $EOOOOO,AO Base address of pixel access area 

243 0 00000116 3A00 HQVE.H D0,D5 Calculate... 

244 0 00000110 5345 SUBB.H «1,D5 and... 

245 0 OOOOOllA CBFC0640 HULS «1600,D5 add... 

246 0 OOOOOllE OICS ADD.L D5,A0 row offset. 

247 0 00000120 DOCl ADD.H Dl, AO Add colutn... 

248 0 00000122 DOCl ADD.M 01, AO offset. 

249 » 

250 * Set up for nested loops to draw rectangle. 

251 f 

252 0 00000124 5342 SUBQ.H tl,D2 D2.« = # of rows - 1 

253 0 00000126 5343 SUBQ.H II, D3 D3.H ^ I of cols - 1 

254 0 00000128 4884 EXT.H D4 Hake color into a word 

255 » 

256 * Draw rectangle using doubly nested loops. 

257 # 

258 0 0000012A D1FC00000640 FRLOQPl ADD.L I1600,AO AO = address of start of neKt row 

259 0 00000130 2248 HOVE.L A0,A1 Need a copy that can be destroyed 

260 0 00000132 3A03 HOVE.« D3,D5 D5.« = # of colutns - 1 

261 0 00000134 B959 FRLG0P2 EQR.H D4,(Al)f Write a pixel 

262 0 00000136 51CDFFFC DBRA D5,FRL00P2 Loop for next coluin in a row 

263 0 0000013A 51CAFFEE DBRA D2,FRL00P1 Loop for next row 

264 ♦ 

265 * All done - restore registers and return. 

266 » 

267 0 0000013E 4CDF7FFF HOVEH.L (A7)+,D0-D7/A0-A6 Restore regs 

268 * 

269 0 00000142 4E75 RTS That's all folks 
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271 




♦ 






272 




f 


Paraieter block to atach segient at graphics RAH. 


273 




f 






274 0 00000144 


000000000000 PBl 


i\r 1 A A 
l/u.L UfV 


Tasknaie and session in/a) 


275 0 OOvOOHC 


ivUV 




nr u AOAAA 
vCH fZOOO 


Options (log addr = pbys addr) 


nt L A AAAAAfAfT 

276 0 00000 I 4t 


2000 




DC.H $2000 


Attributes (locally shareable) 


A AAAAA 4 CA 

277 0 00000150 


47524146 




DC.L '6RAF' 


Segient naie 




000000000000 




DC.L 0,0 


Segient address and length (n/a) 


mil 

279 




§ 






10A 

280 






Paraieter block to get segient at pixel access area. 


lOi 

281 




i 






lOI A AAAAA <Cr 

282 0 OvuOOlaC 


000000000000 PB2 


DC.L 0,0 


Tasknaie and session inU) 


10T A AAAAA1/.dl 

lai u 00000164 


AAAA 

UvuO 




DCM 0 


Options 


OSl A AAAAAK./. 

284 0 00000166 


0800 




DC.H $800 


Attributes (leiory tapped 1/0) 


IQC A AAAAA i to 

2a5 0 00000168 


5049584C 




DC.L 'PHL' 


Segient naie 


286 0 00000 16C 


OOEOOOOO 




DC.L lEOOOOO 


Segient address 


1Q1 A AAAAA 1 '7 A 
lot 0 00000170 


00100000 




DC.L 1100000 


Segient length 


too 

288 




« 






289 




* 


The following defines our stack area. 


IBA 

290 










A AAAAA 4 f J 

291 0 00000174 


00000iF4 




DS.B 500 


500 bytes of stack 


292 0 


00000368 


STACK 


EQU i 




293 0 00000568 


00000002 




DS.B 2 




294 




« 






295 






There ain't no tore. 




296 




* 






297 0 


00000000 




END START 





>«»#»# TOTAL ERRORS 0- 
#♦§♦»« TOTAL MARNIMGS 0- 
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CHAPTER 4 



CHARACTER DISPLAY GENERATION 



4.1 INTRODUCTION 

This chapter describes the VME/10 character display generation functions. This 
information will permit the user to control the character display by the use of 
the SCM control registers, and to reconfigure the character set to a specific 
application. 

Included in this chapter are initialization routines that are shipped with the 
VME/10 software package, and which configure the system in a specific way. This 
configuration is referred to as the "shipped software package". 



4.2 HARDWARE DESCRIPTION 

This section describes the applicable SCM hardware circuits that control the 
VME/10 character display. These circuits are as follows: 

a. Display RAM 

b. Control registers 

c. Character generator RAM 

d. CRT Controller (CRTC) 



4.2.1 Display RAM 

The display RAM is an array of characters and associated attributes which 
contains information that is to be displayed on the CRT monitor. The base 
address of the display RAM is $F17000; the top address is $F18FFE. The 
as-shipped configuration of the VME/10 includes only half of possible display 
RAM, ending at $F17FFE. The user has the option of installing the other half of 
this memory in the proper socket if the display application requires it. 

The display RAM contains up to 4000 words (as shipped 2000 words) , each of which 
contains the data required to display one character. The display logic in the 
VME/10 dedicates an attribute to each character rather than to fields. The code 
for the character to be displayed is defined in one-half of the word, while the 
attributes for this character are defined in the other half. This 
implementation does not require any CRT space to contain the attribute. 

The display RAM character word is defined as follows: 

bits 0-6 Code for one of 128 possible characters. The shipped software 
package uses the 7-bit ASCII code to define the requested 
character . 

bit 7 A user optional display control bit. The shipped software 

package uses this bit as a TAB flag. 

bits 8-10 Control the color or the intensity of the character defined by 
bits 0-6. When a monochrome monitor is used, a value of 0 in 
these bits sets the display to the lowest intensity, while a 7 
sets the display to the highest intensity. When a color 
monitor is used, the value of these bits select the colors as 
defined in Table 4-1. 
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COLOR 


Bit 


10 Bit 9 


Bit 8 


Black 


0 


0 


0 


Red 


0 


0 


1 


Blue 


0 


1 


0 


Magenta 


0 


1 


1 


Green 


1 


0 


0 


ieixow 


1 
1 


r» 
U 


1 
X 


Cyan 


1 


1 


0 


White 


1 


1 


1 



bit 


11 


When 


set, associated character video is inverted. 


bit 


12 


When 


set, associated character is underlined. 


bit 


13 


When 


set, associated character blinks. 


bit 


14 


When 


set, associated character is displayed on the CRT. 


bit 


15 


User 


optional display control bit. The shipped software package 



assigns this bit to be a character protect flag when set. 



For example, to display the character A, to make it green with a black 
background, to underline it, and to make it blink, set the character word to be: 



bit 15 = 0 


No protect 


bit 14 = 1 


Set to display 


bit 13 = 1 


Set the blink function 


bit 12 = 1 


Underline the character 


bit 11 = 0 


Normal video 


bit 10 = 1 


Green on 


bit 09 = 0 


Blue off 


bit 08 = 0 


Red off 


bit 07 = 0 


No tab 


bits 06-00 = 1000001 


ASCII code for the uppercase 



The equivalent hexadecimal value for the word is $7441. Storing this word in 
the display RAM results in the display of an A formatted as defined above, 
assuming that the character generator RAM is initialized to the ASCII character 
set. 
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4.2.2 Control Registers 



The VME/10 provides user control over the general format of the CRT character 
display through SCM control registers. These control bits will set character 
display attributes for the entire screen, rather than for individual characters. 
Table 4-2 lists the various control bits and functions. Note that bit 0 is the 
Least Significant Bit (LSB) , and bit 7 is the Most Significant Bit (MSB) . 



TABLE 4-2. Character Display Control 



CONTROL BIT NUMBER 

REGISTER ADDRESS BIT NAME FUNCTION 

CRO $F19F05 bit 2 Setting this bit performs video 

IVS inversion 



When set, this bit corrects the BX 
syndrome by not displaying every other 
dot on each line. This prevents 
horizontal lines (such as those in the 
uppercase letter B) from standing out 
more than the nonhorizontal lines (such 
as those in the letter X) . 

For brighter colors in the color 
monitor, this bit function should be 
turned off by clearing the bit. 



bit 4 Setting this bit causes the cursor to 

CURBK blink. 



bits 5-7 These three bits provide a mask control 

CDISl-3 over the three colors for character 

display. When cleared, all three 
colors are enabled to be displayed on 
the monitor. When set, CDISl masks the 
red, CDIS2 masks the blue, and CDIS3 
masks the green. To clarify this 
function, consider a CRT that displays 
one red character, one blue, and one 
magenta. If CDISl is set masking the 
red, the red character is invisible, 
the blue remains blue, and the magenta 
also becomes blue (magenta-red) . These 
bits have the same effect on a 
monochrome display vAiere a certain 
intensity is masked. 



CRl $F19F07 bit 5, bit 6 The VME/10 provides three optional 

SO, SI cursors that may be selected by setting 

these two bits. 

Full block cursor - bit 6=0, bit 5=0 
Underline cursor - bit 6=0, bit 5=1 
Frame cursor - bit 6=1, bit 5=0 



bit 3 
DUTYCYCLE 
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4.2.3 Character Generator RAM 

The character font is stored in the character generator RAM which starts at 
address $F14001 and ends at address $F14FFF and in v^ich only the odd bytes of 
each memory word are active. 

Each character is assigned a block of 16 bytes which will be stored in the 
character generator RAM in only the odd part of the word. Therefore, the offset 
between character blocks in the character generator RAM is 32, or $20. 

As shipped, each character is defined as an array of up to twelve bytes; most 
characters use only nine bytes, leaving three bytes for descenders and 
ascenders. To design a character, lay out the desired array of pixels (dots), 
assign a logical 1 to each dot, a logical 0 to each blank, and then calculate 
the value of each horizontal line. Add four bytes with the value 0 to complete 
the character block (16 bytes) . 

Each character is assigned a code which is used as an offset into the character 
generator RAM. The character generator uses this offset to obtain the pixel 
matrix from the character generator RAM. When using the ASCII code, the base 
address of a character in the character generator RAM is calculated by 
multiplying the ASCII code of the character by the number of bytes assigned to 
each character in the memory map — 32 or $20 (allowing for the unused even 
bytes in the memory map) — and then adding the character generator RAM base 
address, F14001. 

To change the dollar sign (ASCII $24) to the English pound sign, for example, 
proceed as follows: 

a. Draw the character in an array of twelve rows, each containing eight 
squares: 



RO 


















Rl 












X 


X 




R2 










X 






X 


R3 










X 








R4 










X 








R5 






X 


X 


X 


X 


X 




R6 










X 








R7 




X 


X 




X 








R8 


X 






X 










R9 




X 


X 




X 


X 


X 


X 


RIO 


















Rll 
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b. Assign a binary value to each row: 



RO 


= 


00000000 


= 


$00 


Rl 


- 


00000110 




$06 


R2 


= 


00001001 




$09 


R3 


= 


00001000 


= 


$08 


R4 


= 


00001000 




$08 


R5 


= 


00111110 


= 


$3E 


R6 




00001000 




$08 


R7 




01101000 




$68 


R8 




10010000 




$90 


R9 




01101111 




$6F 


RIO 




00000000 




$00 


Rll 




00000000 




$00 



c. Tag four more bytes to complete the character block. 

R12 = 00000000 = $00 
R13 = 00000000 = $00 
R14 = 00000000 = $00 
R15 = 00000000 = $00 

c. Calculate the offset into the character generator RAM (in hexadecimal) : 

$24 X $20 + $F14001 = $F14481 

d. Store the 16 bytes in the odd locations of the character generator RAM 
starting at address $F14481 and ending at address $F1449F. 



4.2.4 CRT Controller (CRTC) 

As shipped, the VME/10 has a display of 25 rows by 80 columns. It is possible 
to configure the MC6845 CRTC to produce other displays. The CRTC is configured 
by writing data into its control registers, residing at address $F1A023 of the 
monory map. Writing the requested control register number into location $F1A021 
will select it. 



4.3 SOFTWARE APPLICATION 

This section presents two initialization program examples: 

a. Listing 1 initializes the character generator RAM to the ASCII character 
set. 

b. Listing 2 initializes the CRTC to control either a 25 x 80 or a 50 x 80 
display. 
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i ASCII IDNT if 80 ASCII character set 19/29/83 

2 

3 «»*f«»«»«fft«t«Hf«»«««f«»«i«»«fffft«ft«»ff»frffrf»»Hfff*t«f«f 

4 « » 

5 * Routine nate: ASCII » 

6 t » 

7 ♦ C0PYRI6HTED 1903 BY HOTDROLA INC. » 

a « ♦ 

9 « Current revision........ .....1.88 * 

18 » Me written 12-82-82 » 

n * Written by.... S.Pri-Tai f 

12 f Sate changed. » 

13 « Changed by * 

14 f i 

15 f Description of change: * 

16 f » 

17 * * 

18 «Hif>f»iff>fff»i>«H»f»f»f»f»ftMmt»f>f»fft»f»»i»f»f»H» 

19 ♦ Function: Define a character set ASCII $20-*FE for the * 
28 * character geni^ator, and ■ove it into the RAH. * 

21 f 1 

22 * Input paraieto^s: none t 

23 # 1 

24 « Registers affected: none » 

25 ♦ f 

26 « External routines used: none » 

28 XDEF ASCII 

29 

38 88F14B88 CRAH E8U IF14808 Base address of character generator RAK 

31 

32 8888888B SECTION 11 

33 B 88888888 88888888 ASCII DS.8 8 

34 B 88888888 48E7E8C8 HOVEN.L D8-D2/A8-Ai,-(A7) Save user's values 

35 B 88888884 227Ce8Fi48M HOVE.L iCRAN.Al Base of character generator RAH 

36 « 

37 * Clear the character generator RAH up to the 33 character block. 

38 f The 32 character is ascii 128 which is a space. 

39 » 

48 B 8B88888A 323C8883 HOVE.H l33«16/4-l,Dl Nutber of long words to love 

41 B 8888888E 4288 CLR.L D8 

42 B 88888818 SPACES 

43 B 88888818 81C98881 HOVEP.L D8,1(A1) All undefined characters will be 

44 B 88888814 43E9888d LEA 8(A1),A1 initialized tp spaces 

45 B 88888818 51C9FFF6 DBRA Dl, SPACES 
46 

47 B 888e881C 41FA8828 LEA ASCII2nPC),A8 Base address of character table 

48 B 88888828 323C88SD KOVE.N ITABLEND-ASCII21/12-1,D1 Nuiber of characters to Mve 

49 ♦ 

58 « Nrite the character table for ascii 121 through ascii $7E. 

51 f The 4 required 8 bytes are tagged in the code, thus saving 4 bytes per 

52 f character in the table. 

53 * 

54 B 88888824 343C8882 HOVE.H i2,D2 

55 B 88888820 HOVE 

56 B 88888820 2818 HOVE.L (A8)+,D8 6et 4 bytes frot the table 

57 B 8a88882A 81C9888i HOVE! HOVEP.L D8,HA1) Hove only to odd addresses 

58 B 8888882E 43E9e888 LEA 8IA1},A1 
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59 B mmz2 

68 B §0888836 

61 B 88888838 

62 B 80888830 

63 B 88888048 

64 B 00888044 
65 

66 
67 

68 B 88800046 

69 B 00080052 

70 B 0000005E 

71 S 0008006A 

72 B 00080076 

73 B 00800082 

74 B 888000aE 

75 B 0088889A 

76 B 888e80A6 

77 B 00000882 
7B B 888888BE 
79 B 888888CA 



51CAFFF4 DBRA 

4288 CLR.L 

343C8883 HOVE.U 

51C9FFEC DBRA 

4CDF8387 KOVEH.L 

4E75 RTS 
f 

* Character table 
i 



D2,H0VE 
D0 

13,02 
D1,H0VE1 

(A7}i,D0-D2/A8-Al 



After 3 long words (12 bytes) 

Tag 4 bytes of 8 

Init the counter 

Repeat till all bytes are loved 

Restore use's values 

Return to caller 



for the ascii character set 



881018181818 
882424248080 
88242424FF24 
a0187F98987E 
0841A3460C18 
087884844830 
801010200080 
000818202020 
888884820202 
0010925438FE 
B888181818FE 



81 B e88888E2 

82 B 88e888EE 

83 B 888888FA 

84 B 88888186 

85 B 88888112 

86 B 888881 IE 

87 B 8888812A 

88 B 88088136 

89 B 88888142 
98 B 0888814E 

91 B 88ee815A 

92 B 88888166 

93 B 80088172 

94 B 0000017E 

95 B 0000818A 

96 B 88888196 

97 B 888881A2 

98 B 888881AE 

99 B 888881BA 
180 B 888881C6 
101 B 000081D2 

182 B 8888eiOE 

183 B 888881EA 

184 B 888881F6 

185 B 80000202 

186 6 8808020E 

187 B e888821A 

188 B 88888226 

189 B 88808232 

110 B 0000823E 

111 B 8888824A 

112 B 88888256 

113 B 88888262 

114 B 8888e26E 

115 B 8888827A 

116 8 88808286 



888881820408 

887E83858999 



887082828488 
887E8181813E 
88848Ci42444 
88FF888BFE81 

087E818080FE 
80FF81020488 
887E8181817E 
887EB181817F 



080408182848 



802010888402 
007E81818284 
007E8199A5A5 
003C4281B1FF 
e8FE4141417E 
003E4188888B 
eeFC42414141 
e8FF8e80BeF8 
00FF88888eF8 
003E418e808B 
e081818181FF 
887018181818 



O082848898Ee 



BB81C3A59999 
ee81ClA19189 
883C42818181 
88FE81818iFE 
083042818181 



ASCII21 
AS0I122 
ASCn23 
ASCn24 
ASCII25 
A8Cn26 
ASCI 127 
ASCII2d 
ASCII29 
AS0II2A 
AS0II2B 
ASCII2C 
AS0II2D 
ASCII2E 
AS0II2F 
AS0H38 
ASCII31 
ASCII32 
ASCn33 
ASCII34 
ASCII35 
ASCII36 
ASCI 137 
ASCn38 
ASCI I 39 
ASCII3A 
ASCI 138 
ASCinO 
AS0II3D 
ASCII3E 
AS0II3F 
ASCH48 
ASCII41 
ASCI 142 
ASCII43 
ASCI 144 
ASCI 145 
ASCI 146 
ASCI 147 
ASCI 148 
ASCI 149 
ASCII4A 
ASCII4B 
ASCIMe 
ASCII4D 
ASCII4E 
ASCII4F 
ASCII58 
ASCI 151 



DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.l» 



81 



$18 
*24 
$24 
118 
$41 
$78 
$18 
$88 
$88 
$18 
$88 
$88 
$00 
$00 
$00 
$7E 
$08 
$70 
$7E 
$84 
$FF 
$7E 
$FF 
$7E 
$7E 
$88 
$88 
$84 
$88 
$28 
$7E 
$7E 
$3C 
$FE 
$3E 
$FC 
$FF 
$FF 
$3E 
$81 
$7C 
$3E 
$82 
$88 
$81 
$81 
$3C 
$FE 
$3C 



,$18 
,$24 
,$24 
,$7F 
,$A3 
,$84 
,$18 
,$18 
,$84 
,$92 
,$18 
,$88 
,$88 
,$88 
,$81 
,$83 
,$18 
,$82 
,$81 
,$80 
,$88 
,$81 
,$81 
,$81 
,$81 
,$80 
,$88 
,$88 
,$88 
,$10 
,$81 
,$81 
,$42 
,$41 
,$41 
,$42 
,$88 
,$88 
,$41 
,$81 
,$18 
,$88 
,$84 
,$88 
,$03 
,$C1 
,$42 
,$81 
,$42 



$10 
$24 
$24 
$98 
$46 
$84 
$28 
$28 
$82 
$54 
$10 
$08 
$88 
$88 
$82 
$85 
$28 
$82 
$81 
$14 
$88 
$80 
$82 
$81 
$81 
$68 
$68 
$18 
$00 
$08 
$81 
$99 
$81 
$41 
$88 
$41 
$88 
$88 
$88 
$81 
$18 
$88 
$88 
$88 
$AS 
$A1 
$81 
$81 
$81 



$18 
$88 
$FF 
$98 
$80 
$48 
$88 
$28 
$82 
$38 
$18 
$88 
$88 
$88 
$84 
$89 
$88 
$84 
$81 
$24 
$FE 
$88 
$04 
$81 
$81 
$68 
$68 
$28 
$FF 
$84 
$82 
$A5 
$81 
$41 
$88 
$41 
$88 
$88 
$88 
$81 
$18 
$88 
$98 
$81 
$99 
$91 
$81 
$81 
$81 



$18 
$88 
$24 
$7E 
$18 
$38 
$80 
$20 
$02 
$FE 
$FE 
$88 
$FF 



$99 
$88 
$88 
$3E 
$44 
$81 
$FE 
$88 
$7E 
$7F 
$88 
$88 
$48 
$88 
$82 
$84 
$AS 
$FF 
$7£ 
$88 
$41 
$F8 
$F8 
$88 
$FF 
$18 
$88 
$E8 
$88 
$99 
$89 
$81 
$FE 
$8i 



$18 
$88 
$FF 
$19 
$30 
$49 
$81 
$20 
$02 
$38 
$18 
$B8 
$88 
$88 
$18 
$91 
$88 
$18 
$81 
$FF 
$81 
$81 
$18 
$81 
$81 



$28 
$FF 
$84 
$88 
$BE 
$81 
$41 
$88 
$41 
$88 
$88 
$8F 
$81 
$18 
$88 
$91 
$88 
$81 
$85 
$81 
$88 
$81 



$18 
$88 
$24 
$19 
$62 
$86 
$88 
$28 
$82 
$54 
$18 
$88 
$88 
$88 
$28 
$A1 
$88 
$28 
$81 
$84 
$81 
$81 
$18 
$81 
$81 
$88 
$88 
$18 
$88 
$88 
$88 
$88 
$81 
$41 
$88 
$41 
$88 
$88 
$81 
$81 
$18 
$88 
$88 
$88 
$81 
$83 
$81 
$88 
$85 



$88,$18 
$88 



$24 
$FE 
$C5 
$86 
$88 
$18 
$84 
$92 
$18 
$68 
$88 
$68 
$48 
$01 
$88 
$48 
$81 
$84 
$81 
$81 
$18 
$81 
$81 
$68 
$68 
$88 
$88 
$18 
$88 
$88 
$81 
$41 
$41 
$42 
$88 
$88 
$41 
$81 
$18 
$88 
$84 
$88 
$81 
$81 
$42 
$88 
$42 



$24 
$18 
$82 
$79 
$88 
$88 
$88 
$18 
$88 
$68 
$88 
$68 
$88 
$7E 
$7F 
$FE 
$7E 
$84 
$7E 
$7E 
$18 
$7E 
$7E 
$68 
$68 
$84 
$88 
$28 
$88 
$7E 
$81 
$FE 
$3E 
$F0 
$FF 
$88 
$3E 
$81 
$7C 
$78 
$82 
$FF 
$81 
$81 
$3C 
$88 
$38 



$88 
$88 
$88 
$88 
$88 
$88 
$88 
$88 
$88 
$88 
$88 
$28 
$88 
$88 
$88 
$88 
$08 
$88 
$88 
$88 
$88 
$88 
$88 



$88 
$48 
$88 
$88 
$88 
$88 
$88 
$88 
$88 
$00 
$00 



$08 
$88 
$88 
$88 
$88 
$88 
$88 
$88 
$88 
$•8 
$81 
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117 


B 


80888292 


AAI*V*A < A J A 4 

88FE818181FE 


ASCH52 


DC.B 


118 


B 


8888829E 


887EB188887E 


Ann T 


DC.B 


119 


B 


A AA AA1 A Jl 

808882AA 


AA^r* 4n4A4A<A 

8BFE1B1B1B1B 


ASCI 154 


DC.B 


128 


n 

B 


AAAAA*tn / 

8N882B6 


888181818181 


Ann T r iTP 

ASCI 155 


DC.B 


121 


B 


AAAAA^W^A 

888882C2 


AAA tntAJ A4AJ 

B68181818181 


ASCn56 


DC.B 


122 


8 


AAAAA1/Vr* 

880002CE 


AAn 4 m n t nt nn 

008181818199 


ASCI 157 


DC.B 


123 


B 


888882DA 


808181422418 


Ann T T t?n 

ASCI 158 


DC.B 


124 


B 


A A A AA Af* 1 

888882E6 


AAAA Annn J m nn 

808282824428 


Annv TC*A 

ASCn59 


DC.B 


125 


B 


AAAAAir*'V 

000082F2 


AAf^ AnA M An 4 A 

80FF02040810 


ASCIISA 


DC.B 


126 


ft 

B 


AAAAAf rr* 

888882FE 


A A ^r'AAlAAAJA 

001E10101818 


Ann T r m 

ASCII5B 


DC.B 


127 


n 

B 


AAAAAVAA 

8888838A 


AAAAAA A AnA 4 A 

88BB884B2B1B 


A AAV t CfA 

ASCI ISC 


DC.B 


128 


B 


88888316 


AA *V A A A A A A A A A 

887888888888 


ASCII5D 


DC.B 


129 


B 


AAAAAT^I 

88888322 


AA4 nf\M Ann4 aa 

881824428188 


AAA t T Cf 

ASCII5E 


DC.B 


138 


B 


AAAAAYAr 

8888832E 


AAAAAA AAAAAA 

888888888888 


ASCIISF 


DC.B 


131 


B 


AAAAAT7A 

888e833A 


AAAAAA A M A AAA 

880808040000 


AAA t r / A 

ASCII 68 


DC.B 


132 


n 
B 


AAAAA7 1 i 

88888346 


AAAAAAAAT/^A') 

00B880003C02 


AAA T r J 4 

ASCI 161 


DC.B 


133 


B 


A A A A A TB 1 

88888352 


AA JAAA J Affl^£ A 

004B484B5C62 


AAA T T y A 

ASCn62 


DC.B 


134 


n 

8 


8888835E 


AAAAAA AAYft J t 

800000003042 


AAA 1 t I y 

ASCI I 63 


AA A 

DC.B 


135 


B 


A AAAAT / A 

0888836A 


AAAfiAnAnnrA a j 

0002B2B23A46 


ASCI 164 


DC.B 


136 


B 


A A AAA 9^ 1 

80888376 


AAAAAAAAVn J t% 

8888B8883C42 


ASCI 165 


DC.B 


137 


B 


AAAAATni 

80800382 


AAAA4 n 4 A 4 ATP 

880C1210107C 


Annf til 

ASCI 166 


DC.B 


138 


B 


AAAAATAr* 

0088838E 


AAAAAAAAVAA i 

000000003A46 


ASCI 167 


DC.B 


f TO 

139 


n 

B 


aAAAAYAA 

8888839A 


AA JA AAAAf A/ A 

B84B4B4B5C62 


AAAT tin 

ASCI 168 


DC.B 


148 


B 


888883R6 


AAAAAAAA 4 AAA 

888888881888 


A A A T T J A 

ASCI 169 


DC.B 


4 J 4 

141 


B 


AAAAATni 

B00003B2 


AAA M AAAAA MAM 

BBB4BB8B8484 


A nn T r y A 

ASCII6A 


DC.B 


4 JO 

142 


B 


AAAAATAI^ 

008883BE 


AA J AA A AA J J J A 

884840404448 


AAAT Tin 

ASCII6B 


DC.B 


143 


B 


00B003CA 


001808080808 


Annv r 4 n 

ASCII6C 


DC.B 


144 


B 


00000386 


AAAAAAAA**^ J A 

000888887649 


A nn T T J fi 

ASCII6B 


DC.B 


145 


B 


000003E2 


AAAAAAAAVrt / A 

8B88BBB85C62 


ASCII6E 


DC.B 


146 


B 


800003EE 


000000803C42 


A nn T V J f* 

ASCII6F 


DC.B 


147 


B 


000003FA 


AAAAAAAAPn J n 

00000BB85C62 


Ann 1 T ^n 

ASCI 178 


DC.B 


148 


B 


A AA AA J A / 

000m406 


AAAAAAAAV A A I 

Ba88B8B03A46 


ASCI 171 


DC.B 


4 MO 

149 


B 


AAAAA J 4 1 

00000412 


AAAAAAAAf A/ 1 

BBBBBBBB5C62 


AAA T r f A 

ABC 1 1 72 


DC.B 


4 cn 

150 


B 


AAAAA J < r* 

000N41E 


AnAnAAAA*Vn J A 

888888N3C42 


Ann T T 

ASCI I 73 


DC.B 


4 £4 

151 


B 


AAAAA J n A 

0008842A 


ABAA 4 t%4 A^n 4 A 

0B8B1B187C18 


ASCI I 74 


DC.B 


4 CI 

152 


n 

B 


88888436 


AAAAAAAA J 1J 1 

888888884242 


A AA T r "VC 

ASCI 175 


DC.B 


15o 


n 

B 


A AAAAA «n 

88888442 


AAAAAAAA J AA J 

BBBB8BBB4444 


AAA T T T / 

ASCI 176 


HA A 

DC.B 


154 


B 


AAAAA J Jl* 

8888844E 


AAAAAAAA J 4 14 

888888884141 


A AA t T 7^ 

ASCI 177 


DC.B 


4 CC 

155 


n 

B 


AAAAA J CA 

888B84Sft 


AAAAAAAA J A A 1 

000000004224 


A AAT T *TA 

ASCI 178 


AA n 

DC.B 


156 


B 


AAAAA J i I 

88888466 


AAAAAAAA J A A A 

888888884242 


A AA V r *V A 

ASCI I 79 


DC.B 


157 


n 

B 


AAAAA J A 

86888472 


A A AAAAAA A A 

8888BB887E84 


AAAT V*rA 

ASCII7A 


DC.B 


i CO 

158 


n 
8 


8888847t 


anaf 4 a4 A4 aaa 

808cl81B1828 


ASCII7B 


AA B 

DC.B 


{ CO 

159 


n 

B 


88BBB48A 


AA 4 A 4 A 4 AAAAA 

BBIBIBIBNBB 


AAA Y r tA 

ASCII7C 


DC.B 


168 


B 


AAAAA A A f 

88888496 


8878B808B884 


ASCII7D 


DC.B 


161 


B 


888B84A2 


000038490600 


ASCII7E 


DC.B 


162 


B 




000e84AE 


TABLENB 


E8U 



163 END 

fffifft TOTAL ERRORS 8~ 
f*t«f« TOTAL HARNIN6S B- 



188, IFE 


,$81 


$81 


$81 


$FE 


,$88 


,$84 


$82 


$81 


,$88 


,$88 R 


188, I7E 


,$81 


,$88 


$80 


,$7E 


,$81 


,$81 


,$81 


,$7E 


,$88 


,$88 S 


$B0,IFE 


$18 


,$18 


$10 


$18 


$18 


$18 


$18 


$18 


,$N 


$88 T 


$00,181 


,$81 


,$81 


,$81 


,$81 


,$81 


,$81 


,$81 


,$7E 


,$88 


,$N U 


$00,181 


$81 


$81 


$81 


$81 


$81 


$42, 


$24 


$18 


$88 


$88 V 


$00, $81 


,$81 


,$81 


,$81 


,$99 


,$99 


,$AS 


,$C3 


,$81 


,$80 


$08 M 


$00, $81 


,$81 


,$42 


$24 


$18 


,$24 


$42 


$81 


,$81 


,$08 


$88 X 


$00, $82 


,$82 


,$82 


,$44 


,$28 


,$18 


,$18 


,$18 


,$18 


,$B8 


$88 Y 


$00,$FF 


$02 


,$84 


$08 


$18 


$28 


$M, 


$88 


$FF 


$88 


$88 Z 


$00,$1E 


,$10 


,$18 


$10 


,$18 


,$18 


,$18 


,$18 


,$1E 


$88 


$88 [ 


$00, $00 


$80 


$48 


$20 


$18 


$08 


$04, 


$02 


$01 


$00 


$WI \ 


$00, $78 


$08 


,$08 


$08 


$88 


,$88 


$08 


$08 


$78 


$00 


$88 I 


$00, $18 


$24 


$42, 


$81 


$88 


$00 


$00 


$00 


$00 


$00 


,$00 


$00, $00 


,$88 


,$00 


$00 


,$88 


,$00 


,$00 


,$00 


,$FF 


,$00 


,$00 . 


$00, $08 


$08 


$04 


$00 


$88 


$00 


$00 


$00 


$08 


$00 


$M 


>AA >AA 

$00, $00 


,$00 


,$00 


$3C 


$82 


$3E 


,$42 


,$42 


,$3D 


$00 


AAA 

$80 a 


>AA >JA 

$00, $40 


A J A 

$48 


$40, 


$5C 


$62 


$42 


$42 


$62 


$5C 


$00, 


$88 b 


A-AA >AA 

$00, $00 


AAA 

,$88 


AAA 

,$00 


A?A 

$3C 


A J A 

$42 


$40 


A J A 

$40 


$42 


,$3C 


$00 


$88 c 


$00, $02 


$82 


$02, 


$3A 


$46 


$42 


$42, 


$46 


$3A 


$00, 


$88 d 


$00, $00 


,$88 


,$00 


$3C 


$42 


$7E 


$40 


$40 


$3E 


$08 


$88 e 


$00,$0C 


$12 


$10 


$10 


$7C 


$10 


$10, 


$18 


$18 


$88 


$88 f 


$00, $00 


,$88 


,$00 


$3A 


,$46 


,$42 


$46 


$3A 


$82 


$42 


$3C 9 


$00, $40 


$48 


$40 


$5C 


$62 


$42 


$42, 


$42 


$42 


$88 


$88 h 


$00, $08 


,$88 


$00 


$18 


$88 


$08 


$f^ 


$88 


$1C 


$88 


$88 i 


$00, $04, 


$88, 


$00, 


$04 


$84 


$04 


$04, 


$04 


$04 


$44, 


$38 j 


$00, $40 


$40 


$40 


$44 


$48 


$70 


$48 


$44 


$42 


$88 


$88 k 


$00, $18, 


$08, 


$08, 


$08 


$88 


$08, 


$08, 


$88, 


$1C 


$00, 


$00 I 


$00, $00 


$00 


$00 


$76 


$49 


$49 


$49 


$49 


$49 


$00 


$08 • 


$00, $00 


$00 


$00 


$5C 


$62 


$42 


$42, 


$42 


$42 


$60 


$88 n 


$00, $00 


,$00 


,$00 


$3C 


$42 


$42 


,$42 


$42 


$3C 


,$00 


$M 0 


$00, $00 


$00 


$00 


$5C 


$62 


$42 


$42 


$62 


$5C 


$40 


$40 p 


$00, $00 


,$00 


,$00 


$3A 


$46 


$42 


$42 


$46 


,$3A 


,$02 


$02 q 


$00, $00 


$00 


$00 


$5C 


$62 


$48 


$40, 


$48 


$40 


$00 


$00 r 


$00, $00 


,$00 


,$00 


$3C 


$42 


$30 


$0C 


$42 


$3C 


$88 


$00 s 


$08, $80 


$10 


$10 


$7C 


$10 


$10 


$10, 


$12 


$0C 


$BB, 


$08 t 


$00, $08 


$00 


$00 


$42 


$42 


$42 


$42 


$46 


$3A 


,$88 


AAA 

$88 u 


$88, $08 


$00 


AAA 

$08 


A A J 

$44 


AA Ik 

,$44 


,$44 


A J A 

,$44 


AAA 

,$28 


A4 a 

,$18 


Attn 

,$68 


Ana 

$W V 


AAA AAA 

$88, $88 


,$88 


,$88 


$41 


,$41 


A J A 

,$49 


A J A 

,$49 


A J A 

1*49 


,$36 


,$88 


AAA 

,$88 M 


$00, $00 


$00 


$88 


$42 


$24 


$18 


$18 


$24 


,$42 


$88 


$88 X 


$00, $00 


,$00 


,$88 


$42 


,$42 


,$42 


,$46 


,$3A 


,$82 


,$42 


,$3C y 


>An >AA 

$88, $88 


>AA 

$00 


$00 


$7E 


AAl 

$04 


AAA 

,$08 


A 4 A 

$10 


AAA 

$28 


$7E 


$88 


AAA _ 

$88 z 


AAA AAr* 

$88,$8E 


A4 A 

,$10 


A 4 A 

,$10 


A4 A 

$10 


AAA 

,$20 


A 4 A 

,$10 


A 4 A 

,$10 


A 4 A 

$18 


,$8E 


,$00 


ASA f 

$00 ( 


$88,$18 


$10 


$10 


$00 


$00 


$08 


$10, 


$18 


,$18 


$08 


$00 1 


$88, $78 


,$08 


,$08 


,$88 


,$04 


,$88 


,$08 


,$88 


,$78 


,$00 


,$00 } 


$88,$88 


,$30 


,$49 


,$86 


,$88 


,$88 


,$8B 


,IBB 


,$Be 


,$8B 


,$0B " 
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1 CRTCINIT IDKT 1,11 CRT Controller initialization routine 

3 f»fffH»ff»f»fff»fffff«f»»f»f»tff»ffffHifH»f>f»fffif»f»f»fHf 

4 ♦ » 

5 f Routine naae: CRTCINIT * 

6 « f 

7 « CQPYRI6HTED 1983 BY HOTORQLA INC. » 

8 t » 

9 « Current revision. l.N » 

IB ♦ Hritten by S. Pri-Tal » 

11 • Sate written 12-38-82 » 

12 « Date changed ...19-14-83 t 

13 t Changed by » 

14 f t 

15 * Description of change: * 

16 f § 

17 i » 

18 « f 

28 * Function: Initialize the CRTC to control a 25 or a 58 » 

21 * line by 88 chcracter CRT. » 

22 f ♦ 

23 f » 

24 * Input parameters: t 

25 * if B8.B = 8 25 by 88 » 

26 « if D8.B = 1 58 by 88 * 

27 » » 

28 ♦ Registers affected: none * 

29 f » 

38 * External routines used: none t 

31 « » 

32 « Additional XDEF's: none t 

33 fff»f»fH»fff»iH»ff»«»tff»«»ffff»ffffiif>fmffff»f>fHffHi 

35 XDEF CRTCINIT 

37 8eFlA821 CRTCADD EQU IFlAe21 

38 88F1A823 CRTCRE8 EBU $F1AB23 

48 8888888B SECTION 11 

41 B 88888888 88888888 CRTCINIT DS.K 8 

42 B 88888888 48E748a8 KOVEN.L A8/01,-(A7) Save caller's values 

43 B 88888884 223C8888888F HOVE.L iTABLEND-TABLE/2,Dl Set Dl to nuaber of itords to Mve 

44 B 8a8888eA 4Ae8 TST.B 08 If » 8, init to 25 by 88 

45 B 8888888C 6786 BEQ.S SNAIL 

46 B 8888888E 41FA883E LEA TABLE2(PC},A8 6et base address of 58 by 88 table 

47 B 88888812 6884 BRA.S LOOP 

48 B 88888814 SHALL 

49 B 88888814 41FA8818 LEA TABLE(PC),A8 8et base address of 2S by 88 table 
58 B 88888818 LOOP 

51 B 88888818 13D888F1A821 HOVE.B (A8)^CRTCADD Select the register 

52 6 8888881E 13D888F1A823 HOVE.B (A8}f,CRTCRE6 Initialize it 

53 B 88888824 5iC9FFF2 DBRA D1,L00P Repeat till all registers are inited. 

54 B 88888828 4CDF8182 HOVEN.L <A7}^A8/D1 Restore caller's values 

55 B 8888B82C 4E7S RTS 
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57 


f 












58 


« initialization 


table for 25 lines by 


80 characters 






59 


f 












60 B 88e8ee2E 


TABLE 












61 B 06888e2E 0862 




DC.H 


18862 


Total characters per line 


' 98 


($62) 


62 B 88888838 8158 




DC.N 


$8158 


Characters displayed 


- 80 


($501 


63 B 88888832 8256 




DC.H 


$8256 


Blank characters to start 


^ 8 




64 B 88888834 8311 




DC.W 


$8311 


Characters per sync 


= 17 


($11) 


65 B 88888836 8419 




DC.H 


$0419 


Lines per screen 


- 25 


($191 


66 B 88888838 8583 




DC.H 


$8583 


Fraction of above 


= 83 




67 B 8888883A 8619 




DC.H 


$8619 


Lines per screen 


« 25 


($19) 


68 B 0888883C 8719 




DC.H 


$8719 








69 B 8888883E 8888 




DC.H 


$8888 








70 B 88888848 898B 




DC.H 


$898B 


Rows per character-1 


« 11 


($8B) 


71 B 80888842 8A00 




DC.H 


$8A00 


Cursor start register 






72 B 08888844 8B8F 




DC.H 


$0B0F 


Cursor end register 






73 B 88888846 0C88 




DC.H 


$0C08 








74 B 08000848 8D88 




DC.H 


$8D80 








75 B 8888884A 8E88 




DC.H 


$0E88 


Cursor address H 






76 B 8888884C 8F8e 




DC.H 


$8F80 


Cursor address L 






77 B 88888840 


TABLEND 


ESU 


♦-1 








78 


f 












79 
80 


* Initialization 
jt 


table for 58 lines by 


80 characters 






81 B 0e88884E 


TABLE2 












82 B 8888884E 8862 




DC.H 


$8862 


Total characters per line 


= 98 


($62) 


83 B 88888858 8158 




DC.H 


$8158 


Characters displayed 


= 88 


($58) 


84 B 88888852 8256 




DC.H 


$0256 


Blank characters to start 


» 8 




85 B 88888854 0311 




DC.H 


$0311 


Characters per sync 


= 17 


($11) 


86 B 00000856 8432 




DC.H 


$0432 


Lines per screen 


= ^ 


($32) 


87 B 88888858 8582 




DC.H 


$0502 


Fraction of above 


= 82 




88 B 0000005A 0631 




DC.H 


$0631 


Lines per screen - 1 


* 49 


($31) 


89 B 8888885C 8731 




DC.H 


$0731 








98 B 8ee8885E 0883 




DC.H 


$8883 








91 B 08888868 8988 




DC.H 


$898B 


RoHs per character-1 


= 11 


($8B) 


92 B 88888062 0A00 




DC.H 


$8A88 


Cursor start register 






93 B 08888864 888F 




DC.H 


$8B8F 


Cursor end register 






94 B 80888866 8C88 




DC.H 


$8C00 








95 B 88888868 BD80 




DC.H 


$0D80 








96 B 8888886A 8E88 




DC.H 


$0E80 


Cursor address H 






97 B 8088886C 8Fe8 




DC.H 


$0F08 


Cursor address L 






98 




END 











»fH»t TOTAL ERRORS 8- 
wtfff TOTAL HARNIN6S 8~ 
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